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EH AP. I. 


| Definitions and Afﬀections of Triangles. 0 9 P | | 


F Triangles there are two kinds, Plain and 
Spherical; either of which conſiſts of ſix 
Parts ; namely, Three Sides, and as many 


Sides are AB, AC and CB ; and the three Angles are 
ABC, ACB, and BAC. "Where 


Note, That if an Angle be ex- 1 
preſs*d by three Letters, the mid- P 
dlemoſt Letter reſpecteth the An- 4 ä A 


gular Point. If I would expreſs o rig 
the Angle, C, I would fay ABC? or BCA; and the 
Angle Bis expreſſed by ABC, or CBA. 

2. Any two ſides of a Triangle are called the con- 
taining ſides of the Angle contained, or comprehen- 
ded between them, as the ſides AB and CA are the 
containing ſides of the Angle BAC. 

3 Every ſide of a Triangle is the ſubtending 
ſide of that Angle which is oppoſite unto it, 
As in the Triangle ABC, the fide AC ſubtends 
the Angle B. Where Note, The gteateſt Side 
always ſubtends the greateſt Angles, the 

B leaſt 


Angles, as in the Figure ABC, the three 


equal Circles are equal, but in unequal Circles they 


2 Plain Trigonometry. Part l. 
the leaſt Side the leaſt Angle, and equal Sides ſubtend 


equal Angles. 

4. The Meaſure of an Angle is the Arch of a Cir- 
cle, deſcribed upon the angular Point, and intercepted 
berween the two Sides containing the Angle. As in 
the Triangle ABC, the Meaſure of the Angle ABC is 
the Arch OP. PE | 

g. Every Circle is divided into 360 degrees, and 
every degree into 60 minutes, and every minute into 
Go ſeconds, Sc. which degrees are ſo much the 
greater, by how much the Circle is greater; and the 
Arches which contain the ſame number of Degrees in 


are term'd like Arches. As the Arches CF and DE 
are equal, being equal parts of the fame Circle. But 
the Arches CF and OP are like Arches ; that 1s, as 
CF contains 40 parts in the great Circle, ſo 1s OP 40 
parts in the leſſer. Circle POG. See the following 
Figure, 

6. A Quadrant (or 
Quarter) of a Circle is 
an Arch of go Degrees, 
as the Quadrant HE. 

7. The Complement 
of an Arch leſs than 
Fa Quadrant, is ſo much 
as the Arch wanteth 
of a Quadrant; as the 
Complement of the 
Arch CF 40 Degrees, 
is the Arch CH go de- 
| grees. 

8. The Semi- circle is an Arch of 180 degrees. 

4. The Complement of an Arch to a Semi- circke 
is 10 much as that Arch wants of 180 degrees. A. 
the Complement of the Arch DHC 140 degrees, 

2 TTCCS, 

CF 43 degrees e 10 Th 


—— — — 


Chap. 1. Plain Trigonometry. 3 
10. The oppoſite Angles made by the croſſing of 

two Lines are equal, as the Angle DBE is equal to the 

Angle ABC. | | 

11. An Angle is either Right or Oblique. 

12. A right Angle is that whoſe Meaſure is go de- 
grees, as FBH. 

13. An oblique Angle is either Acute, or Obtuſe. 
d 14. An acute Angle is that whoſe Meaſure is leſs 
0 than 90 degrees; as the Angle ABC, or the Angle 
* ACB. . 
ne 15. An obtuſe Angle is that whoſe Meaſure is more 
in than go degrees, as the Angle DBC. | 

16. All Angles coming (or meeting) together in 
one point upon a right Line ; all of them taken to- 
gether are equal to two right Angles, as the Angles 
DBH, HBC, and CBA meeting all together in the 
point B, upon the Line DF, are equal ro two right 
Angles DBH, HBF. 

17. A Triangle hath ſome of its Sides equal, or 
elſe they are all unequal, | 

18. A Triangle of ſome unequal Sides, is either 
Equicrural, or Equilateral. 

19. An Equicrural (called alſo an Iſoſceles) Tri- 
angle, is equiangled at the Baſe. And if a Perpen- 
dicular be let fall from the meeting of the equal Sides, 
it cuts the Baſe and the Angle oppoſite thereunto into 
two equal Parts; as in the Equicrural Triangle DLC, 
the Perpendicular DA cuts the Baſe CL into twoequal 
Parts in A, and alſo biſſecteth the Angle CDL. 

20. An Equilateral Triangle is that whoſe Sides are 
all equal, and whoſe Angles contain each 60 degrees. 

21. A Triangle is Right-angled, or Oblique-angled. 

22. A Right-angled Triangle is that which hath 
circle, one right Angle, as the Triangle CBA Right-angled 
At A. (See the former Figure.) | 
es, 1 23. An Oblique-angled Triangle is thatwhich hath 
all irs Angles Oblique, as the Triangle BDC. 


B 2. 24. An 


4 Plain Trigonometry. Part 1, 


24. An oblique-angled Triangle is either acute 
angled, or obtuſe angled. 

25. An obtuſe angled Triangle is that which hath 
all its Angles acute, as the Triangle BDE. 

26. An obtuſe angled Triangle 1s that which hath 
one Angle obtule, as Triangle CDB, obtuſe angled 
at B. 

27. All equiangled (or like) Triangles have their 
Sides about the equal Angles proportional, (Zucl, 


Lib. 6. Pr. 4.) | 

E Let ABC and DEF be 
two Triangles equiangled, 
A ſo as the Angles at B and 
| /] D, at A and E, and alſo at 


C and F, be equal one to a- 
nother, each to its corre- 

/ | ſpondent; then I ſay it 
— Ss IR WILDE: 
As AB: BC:: PE: EF. 
As AB: AC:: DE: EF. 
As AC: CB:: EF: DF. 
* 28. If any one Side of 2 
| plain Triangle be continu- 
ed, the outward Angle 

( made by that continuation) 
e is equal to the two inward 

and oppoſite Angles in the 

ſame Triangle, (Eucl. Lib. 1. Pr. 32.) As in the 
Triangle ARC. the Side CB, being continued to D. 
I fay, the Angle ABD 1s equal-t to both the Angles, at 

Aang G. 

29. The three Angles of every plain Triangle, are 
TOS equal to two right Angles, Eucl. Lib. 1. 


232.) 


And from hence will follow theſe Corollaries. 


1. That there can be but one right, or one obtuſe 
Angle in any plain Triangle, | 
| a, And 


— — ——— T— — 
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2. And if one Angle be either right or obtuſe, tae 
other two ſhall be acute. | 
3. That the third Angle of any plain Triangle, is 
the Complement of the other two, to two right An- 
1 les. 
a 4. That if two Triangles be equiangled in any two 
of their Angles, they are wholly equiangled. 


. — 


0 CHAP. I. 

J, 

d Concerning Sines, Tangents, and Secants, by which 
at the Angles of Right-lined, and Sides and An- 


gles of Spherical Triangles, are meaſured. 


1. HE Menſuration of Triangles is by knowing 
1 any three of the ſix Parts (Vide 1. of Chap. 1. 
whether Sides or Angles, or both, to find out any of 
the other Parts of the Triangle whether Sides or An- 
les. | | 
8 2: And this is performed by the Rule of Propor- 
tion (commonly, and deſervedly called the Golden 
Rule of Arithmetick ) which teacheth of four Num- 
bers proportioned one to another, any three of them 
being given, to find out the fourth” , _ .. 
3. So that for the Meaſuring (which is alſo called 
the Reſolving) of Triangles, there muſt be certain 
Proportions of all the Parts of a Triangle one to a- 
nother, and thoſe Proportions explained in Numbers. 
are But the certain Knowledge of the Proportions that 
"Hy + all the Parts of a Triangle have one to another, is 
not yet known; for that every crooked Line in a 
Triangle (as the Meaſures of the Angles in the 
Right-lined, and the Meaſures of Sides and Angles 
in a Spherical Triangle are) muſt be reduced to a 
btuſlſl Right Line, a Proportion for which was never yet 


— _ 
» ant. — Me * — —— 


deth the Circle into two unequal Parts; and ſo on the 
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found. But crooked Lines are nearly reduced to right 
Lines by the Definition of the Quantity which right 
Lines applied to a Circle have in reſpect of the Radius 
(or Semidiameter) of the Circle. | 
4. Right Lines applied to a Circle are Subtenſes 
(or Chords) Sines, Tangents, and Secants. | 
5. A Subtenſe (or Chord) is a right Line inſcribed 
in a Circle, dividing the whole Circle into two Parts; 
and fo ſubtendeth both the Segments. 
6. A Subtenſe paſſing through the Center of a Cir- 
cle, divides it into two equal Parts, and ſubtends both 
Segments or Semicircles; and this Subtenſe is the 

greateſt. | 
7. A Subtenſe not the greateſt, is that which divi- 


one ſide ſubtends an Arch leſs than a Semicircle, and 
on the other ſide an Arch more than a Semicircle : 
as in the following Figure, AB paſſeth through 
the Center, and divides 

E it into two equal Parts; 
but CD does not paſs 
thro* the Center, there- 
fore divides the Circle 
into two unequal Parts, 

or Segments, COD the 

B greater, and CPD the 
leſſer. 

8. A Sine is either 

right or verſed. 

9. Aright Sine is one 

half of the Suvrenſe of 

the double Arch : As 
the right Sine of PD, 
or DBQ, is FD, it being the half of CD the Sub- 
tenſe of CPD, equal to twice PD. So the right Sine 
of DB, or DPCA, is the right Line DH, the half of 
the Subtenſe DG, Hence it follows, that the right 
Sine of an Arch, more or leſs than a Quadrant, 5 
Vi 7; | els 
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leſs than a Semicircle, is one and the ſame. Hence it 


is alſo, that whenſoever the right Sine is called the 


Sine of the Complement, or Coſine, it is underſtood 


only the Sine of the Complement of an Arch leſs than 


a Quadrant: As the right Sine of the Complement 
PD is che right Sine of DB, that is, the Line D H. 
10. Every right Sine is perpendicular to the Dia- 


meter drawn from one extreme of the Arch given; 
as the right Sine FD is perpendicular to PQ, and DH 


is perpendicular to AB, 

11. The right Sine of the Complement is equal to 
the Segment of the Diameter intercepted between the 
right Sine and the Center of the Circle; as the Coſine 
of PD is the Segment of the Diameter FO, equal to 
HD. 

12. The verſed Sine 1s the Segment of the Diameter 
intercepted between the right Sine and the Circum- 
ference ; as the verſed Sine of the Arch PD is the Seg- 
ment of the Diameter PF. | | 
| 13. Of verſed Sines ſome are greater and ſome are 
efſer. 

14. A greater verſed Sine is the verſed Sine of an 
Arch greater than a Quadrant, and a leſſer verſed 
Sine is the verſed. Sine of the Arch leſſer than a 
Quadrant. As the verſed Sine of DBQ 1s FQ, the 
verſed Sine of an Arch greater; and the verſed Sine 
* PD (as before) is PF, the verſed Sine of an Arch 

eſs. | 

15. A Tangent is a right Line drawn perpendicu- 
larly on the extremity of the Diameter of the Circle, 
and paſſing by the other end of the Arch, as BE is 
the Tangent of BL. 

16. A Secant is a right Line drawn from the Cen- 
ter of the Circle, by the end of the Arch, till it 
meet the Tangent; as the St cant of BL is the right 
Line OE. 

17. The Tables of Sines, Tangents, and Secants, 
are extended no further than go Degrees (or a Qua- 

| B 4 _ drant.) 
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drant-) For the right Sines of Arches more or leſs 
than a Quadrant are the ſame (by the gth above.) 

Note, The Tables of Sincs, Tangents, and Secants 
made from. the Circle, agrecable to the Lines above 
deſcribed, are to be underſtood of natural Sines, Tan- 
gents, and Secants; whoſe uſe in the Solution of Tri- 
angles was pertormed by Multiplication and Divi- 
fion : but the Tables now in uſe (ſometimes called the 
Canon of Triangles) are thoſe which were invented 
by my Lord Neper, Baron of Marchiſton in Scotland, 
about the Year 1621. which Canon conſiſts of Artifi- 
cial or Lug, rithmical Sines, and Tangents ; and per- 
formeth the ſame by Addition and Subtraction, which 
the natural Canon did by Multiplication and Divi- 
ſion. 

Having given a ſhort Deſcription, or Definition of 
Sies, Tangents, Sc. I ſhall here ſhew the Fabrick, 
Or Geometrical Conſtruction of thoſe and other Scales, 
commonly uſed in projecting the Sphere in Plano, and 
in Trigonometry, Navigation, Dialling, and other 
Parts of practical Mathematicks, as they are deduced 
from a Circle. | 


1. Upon a Sheet of fine Paſtboard, or ſuch like 
Matter, deſcribe a Semicircle of any Radius, as OR ; 
upon the Center O, and Diameter SV, deſcribe the 
Semicircle SRV, and divide the two Quadrants ORV, 
and OSR,each into go Degrees ; and number them 
trom S and V to R, by 10, 20, 30, Sc. to 90, as in 
the Figure. | | 
2. If you lay a Ruler from 10 in one Quadrant ta 
10 in the other, it will cut the Line OR in 10; and be- 
ing laid from 20 to 20, it will cut OR in 20; and ſo 
from 30 and 30, and 40 and 40, Sc. till you come to 
90 at R : fo lnall OR be a Line of right Sines. 

Upon the point 8, erect ST perpendicular to 
SV; then laying a Ruler to the Center O, and to every 
10 Degrees in the Quadrant, draw Lines till they 85 
rene 
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Chap. g. Plain Trigonometry. 
the Perpendicular, ſo ſhall ST be a Line of Tan- 


vents, 

5 4. Thoſe Lines drawn from the Center to the Tan- 
gent Line are called Secants, which you may transfer 
into the Line RE, by ſetting one foot of the Com- 
paſſes in the Center O ; then ſtrike an Arch from the 
Tangents to the Line RE, ſo ſhall RE be a Line of 
Secants. | 

5. The Line SV (which is equal to twice OR) is 
a Line of verſed Sines, and is no other but the Line 
of right Sines doubled, as you may plainly ſee ; but 
they are numbered from S to V by 10, 20, 30, 40, &c. 
to 180 Degrees. | 

6. The Line, SR is a Line of Chords, the Degrees 
being transferred from the Quadrant by ſetting one 
foot of the Compaſſes in 8, and drawing Arches from 
the Arch of the. Quadrant to the ſtreight Line SR. 

7. The Rumb Line is nothing elſe but a Line of 
Chords divided into eight Parts, by allowing 11® 15/ 
to each Part. | 

8. There is mention made of half Tangents, (they 
being uſeful in projecting the Sphere in Plano) which 
is nothing but a Line of Tangents double numbered; 
Thus 5 Degrees being numbred with 10, and 10 with 
20, and 15 with 30, &c. fo 45 Degrees of the Tan- 
gents is go Degrees of Semi-tangents, equal to 99 
Degrees of the Sines, and to 60 Degrees of the Chords. 

Having thus laid the Foundation, I ſhall next pro- 
ceed to ſhew the Reſolution of all plain or right-lin'd 
1 in as plain and familiar a Method as poffit.. / 

can. 
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CHAP. III. 


Of the Dimenſions of right angled Plain Triangles, 


N the Solution of right angled plain Triangles, 
there are ſeven Caſes, the reſolving of which de- 
pends upon this following | 


AXIOM. 


In every plain right angled Triangle, any of the 
three Sides may be put for Radius; and then will the 
other Sides be as Sines, Tangents, or Secants. 


Thus in the three Triangles ABC. 

1+ If you put BC ſubtend- 
C ing the Right Angle for Ra- 
p \ dius, the Sides CA, and BA 

a\ including the Right Angle, 
are Sines of the oppoſite Ang- 
Z \les B and C. (by the 4th Def. 
Seck 4 of Chap. 1. and the gth and 

| cloth of Chap. 2.) 

2. If you put the greater of 
© the Sides including the Right 
3 Angle BA for Radius; then 
5 the leſſer Side AC will be 
Ia the Tangent of the Angle B. 
(by the 15 Def. of Chap. 2.) 
C and the Hypothenuſe BB is the 

— Secant ofthe faid Angle B, (by 
|= the 16 Def. of Chap. 2.) 

2 3. If you put the leſſer of 
the two Sides including the 
4 Right Angle CA for Radius; 

the greater Side including the 

Right Angle BA is the Tan- 

gent 


—— 
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gent of the greater acute Angle (by 15 Def. Chap. 2.) 


and the Hypothenuſe BC is the Secant of the ſame ( by 
Def. 16. Chap. 2.) 


Now from this Axiom followeth this Conſectary. 


That in all right angled plain Triangles, the Angles 
being given, the Reaſons of the Sides are alſo given 
three Ways. And conſequently, 


If one Side be given, beſides the three Angles, eve- 
ry of the other Sides are given by a threefold Propor- 


tion, according as you put this, that, or the other Side 
for Radius. 


Theſe things being premiſed, I will now proceed t 
the Solution of the ſeveral Caſes. 


CASE 


The two acute Angles B and C, and the Baſe B A, 
being given, to find the Perpendicular C A 


1. By making the Hypothenuſe BC Radius. 
As s. of the Cat the Perpend. 569 15 9:9198464 


ls to the Log. of the Baſle AB 121.394 2.0841992 


So is the s. of the C at the Baſe 339? 45 9g.7447390 


11.82 89382 


To the Log. of AC the Perpend. 8 1. 113 1.9090918 


+7 


— 
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And thus, by adding the ſecond and third Terms in 
the Proportion together, the Sum is 11. 8289382; 
from which ſubtract the firſt Term 9.9 198464, and 
the Remainder is 1. 90909 18, the Logarithm of 8 1. 113, 
which 1s the Perpendicular AC required. 

But where Radius 1s not in the Proportion (as in 
this Example it is not) it may more readily be done 
by Addition only; for if inſtead of the firſt Term you 
fetits Arithmetical Complement, that is, only to write 
down what each Figure wants of 9, thus the Arith- 
metical Complement of 9.9198464 (the firſt Term) is 
o.0801536, (which is the ſame thing as ſubtracting 
it from 10) then add all the three Terms together, 
the Sum (abating Radius) ſhall anſwer the Queltion. 


Let the ſame Example be again repeated. 


As the s. of the . C 562 15! Ar. Comp. o. 0801526 


Is to the Baſe BA 121.394. Log. 2.0841992 
So is the s. of the 4 B 33% 45 9.7447 390 
To the Perpend. AC 81.113 2 1.9090918 


7 


Here I add all the three Terms together, and when 
I come to the Characteriſticks, the Sum is 11; and 
(becauſe Radius is 10) I caſt away 10, and ſet down 
only the 1. 


Mote, That s. ſtands for Sine; c. s. for Co- ſine; t. 
for Tangent; c. t. for Co- tangent; ſe. for Secant ; 
c. fe. Co- ſecant: And / ” ſet over Figures, ſtand for 
Degrees, Minutes, Seconds; and ſtands for An- 


ole. 


_—_ 
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2. By making the Baſe AB Radius 


As Radius 45? 10. 8. 
Is to the Baſe BA 121. 3395, 2.0841992 
So is the t. ot Z. B 33® 452? 124 
To the Perpend. AC 81-113 I. 9090918 18 
.C 

4 

e 

1 

pt 


127.29% A. 
Here I add the two laſt Terms together, out of the 


Sum I mentally ſubtract 10 for Radius, becauſe Ra- 
dius is in the firſt Place. 


3. By making the Perpendicular AC Radius. 
As t. of the Lat the Perp. C 569 15 10. 1751074 


Is to Radius 455 10e | 
So is the Baſe AB 121.394 2.0841992 
To the Perpendicular AC 81.113 1.90909 18 
C 
#| 
4 
p<” 
oe J2J-394 A 


tlere 


- — ww 8 - 
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Here I firſt mentally add Radius or 10, to the laſt 
Term, and from the Sum ſubſtract the Firſt, the Re- 


mainder is the Log. of the Anſwer, the ſame as be- 
fore. 


To perform the ſame Inſtrumentally, 


1. By Scale and Compaſſes. Always extend the 
Compaſſes from the firſt Term to the Term that is of 
the ſame kind, whether it be the ſecond, or third 
that extent will reach from the remaining Term to 
the Anſwer. Thus, in the firſt Proportion, extend 
from 55? 15/to 33? 45 in the Line of Sines ; that 
extent will reach in the Line of Numbers from 121. 39 
to $1.11 the Anſwer. In the ſecond Proportion, ex- 
tend from 45? to 23? 45! in the Line of Tangents ; 
that extent will reach from 121. 39 to 81. 11 in the 
Line of Numbers. In ſome Caſes it may be needful 
to uſe Croſs-work, that is, to extend from the firſt 
Term in the Line of Sines to the ſecond in the Line of 
Numbers, or from the firſt Term in Tangents to the 
ſecond in Numbers, Sc. but I think in moſt Caſes it 
is better to work by the Directions above, except 1t 
be when the extent is too large for the Compaſſes. 

2. By the Sliding Rule, We will ſuppole the Line 
of Sines upon the Slider marked with S. Then the 
firſt Proportion will be thus work' d. Set 33? 45 on 
S, to 509 15 on SS; then againſt 121.39 on A, is 
81.11 0n B. (A ſignifies the double Line of Num- 
bers upon the Rule, and P the double Numbers upon 
the Slider.) The ſecond Proportion you may work 
thus, Set 33? 45 in the Tangents, to Radius; then 
againſt 121.39 on A, is 81.11 on B. Or if you turn 
the Slider ſo as Tangents and double Numbers may 
ſlide one by another, then you may ſet Radius (v2. 
45% of Tangents) to 121.39 in the Line of Num- 
bers; then againſt 330 45“ in Tangents is 81.11 in the 

Line 
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Line of Numbers. The third Proportion you mae 


f 

work juſt as you did this laſt. | ; ö 
To do the ſame Geometrically. | | 

© DrawtheBafe _. | 

BA, and from a 


Diagonal Scale, 
| q 

or Scale of e- | 
qual Parts, take- 
121. 39 With 8 
your Compaſſes, 1 
and ſet from B | 


„ tte à, and upon 
2 33-49 727.39 = 1A raiſe a Per- 
* Ts D *pendicular; then 


| take 60 degrees | 

from the Line of Chords with your Compaſles, and | 
one Foot in B, ſtrike the Arch DE, and from the | 
ſame Line of Chords take 330 45, and ſet from Dto | 
E ; and draw the Line BC till it cut the Perpendicu- | | 
| 

| 


* — - * E IIS 
„ i. a. 


———ä— — 


„ £ 


larin C : then if you meaſure AC by the ſame Scale 
you took BA from, you will find it 8 1. 11; and if | 

you meaſure BC, you will find it 146, So will the 1 
next Caſe be alſo reſolved. Ts = 8 


— —-<__ e 8 * . 
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CASE. II. 


The two acute Angles B and C being given, with 
the Baſe BA, to find the Hypothenuſe BC. 


Fm  Y% Tc 


1. By making the Hypothenuſe Radius. 


J 


As s. of the / C 569 15/ 9.9198464 
Is to the Baſe BA 121.394 2.0841992 
So is Radius 902 IO, 


To the Hypothenuſe BC 146. 5 2.1643 528 


* 


2. By making the Baſe Radius. 


As Radius | 20. 
N To the Baſe BA 121.394 2.084 1992 
| So is the fe. of the / B 380 45 10.0801536 


— 


To the Hypothenuſe BC 146. 2.1943 528 


Of C2 — 
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3. By making the Perpendicular Radius. 
As the t. of the Z. C 360 15 Ar. Com. 9.82489 26 


To the Baſe BA 121.394 2.0841992 
So is the ſe. of the /_ C 10.2552610 
To the Hypoth. BC 146 | 2.1642528 


— — 
l 


_— 


Note, The Secant of an Arch or Angle is the Arith⸗ 
metical Complement of the Co- ſine of that Arch, the 
Radius 10. being added: thus the Secant of 56* 15! is 
the Arithmetical Complement of the Sine of 330 45), 
and the Secant of 339 45! is the Arithmetical Com- 
perent -of the Sine of 56? 15/, the Radius being 
added; | 


By Scale and Compaſſes. 


To work the firſt Proportion, extend the Compaſ- 
les from the Sine of 369 150 to Radius or 9oꝰ, that ex- 
on will reach from 121.39 to 146 in the Line of Num- 

ers. | 


ie Sliding-Rivle:. 


Set 56* 15! upon 8, to 60* upon SS; then againſt 
121.39 upon B, is 146 upon A. But if you turn the- 
Slider ſo as Sines and double Numbers may {llde one 
by another, you may ſet 56 15! of Sines to 121.39 


* X 
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18 Plain Trigonometry. Part I. C 
in the Line of Numbers; then againſt go' of Sines 
you'll have 146 in the Line of Numbers; and you will 
alſo find 33* 45 of Sines to be againſt 81.11 of Num- 
bers. So that you may obſerve, that if 90? of Sines 


be ſet to the greateſt Side or Hypothenuſe, you will 
find every Angle againſt its oppoſite Side. 


CASE III. 


The two acute Angles B and C, with the Hypothenuſe 
BC, being given, to find the Baſe BA. 


i. By making the Hypothenuſe Radius, 


As Radius 90? 10. 

Is to the Hypothenuſe BC 146 2. 1643528 

So is s. of the 4. C 56? 15 9.9198464 

| To the Baſe 121.394 2.084 1992 
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2. By making the Baſe Radius. 
As ſe. of the /_ B 33* 45! © t0.0801536 


Is to the Hypothenuſe BC 146 2.104 3528 
So is Radius 9000 — 90 L 
To the Baſe BA 121.394 ; 2.0841 992 


2. By making the Perpendicular Radius. 
As ſe. of the g. C 56˙ 1 cl Ar. Com. 9:7447396 


Is to the Hypothenuſe BC 146 . -. 2.104 3528 

So is t. of the 4 C 56* 157 . 10.175104 

To the Baſe BA 121.394 N 2.084 1992 
C 


46 


By Scale and Compaſſes. 


To work the firſt Proportion. Extend the Coms 
I paſſes from 900 to 56* 15! in the Sines, that r_ 
2 1 
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will reach from 146 to 121.394 in the Line of Num- 
bers. | 


By the Sliding-Rule. 


Set 56* 15 upon 8, to 90 upon SS; then againſt 
146 upon A, is 12 1.394 upon B. 


By Geometrical Protrafion. 


C Draw the Line 
BC, and from a 
Scale of equal Parts 
take 146, and ſet 
from B to C; and 
upon C, with 60 
degrees of Chords, 
ſtrike the Arch 
DE; and ſet 56? 

* 15 from E to D, 

; and draw CA, and 

from B draw BA Perpendicular to AC: then if you 

meaſure BA upon your Scale, you will find it to con- 

tan 121.394. 


CASE 


C 


CASE IV. 
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The Baſe BA, and Perpendicular CA being given, 
to find the two acute Angles B and C. 


1. By making the Baſe Radius. 


As the Baſe BA 121.394 
Is to Radius 45* 
So is the Perpend. AC 81.113 


To the t. of the C. B 33? 45 


Whoſe Complement is 56˙ 15 the CC. 5 


Q 


As the Perpend. CA 81.112 
As to Radius 45* 

So 15 the Baſe BA 121.394. 
To t. of the . C 56*® 15 


Whoſe Complement is 33* 45' the 


LB. 


2. 0841992 
10. 


1. 9090918 


2. By making the Perpendicular Radius. 


1. 9090918 
10. 


2.084 1992 


10.171074 


— — acn bh Lance ern 
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By Scale and Compaſſes. 

To work the firſt Proportion, extend the Compaſſes 
from 121.394 (the Baſe) to 81.113 (the Perpend.) in 
the Line of Nu ders that extent will reach from 459 
to 330 45! in the Tangents. For the ſecond Propor- 
tion, extend from 81.113 to 121.364 in the Line of 
Numbers, that extent will reach from 45 to 56? 15/ 


in the Tangents. | 


| By the Sliding. Rule. 

Let the Tangents and Numbers - flide together, 
then ſet 121.394 in the Line of Numbers to 459 of 
Tangents ; and againſt 8 1. 113 in the Line of Numbers 
is 53* 45, and alſo its Complement 56? 15/ in the Line 
of Tangents. | e 5 ; 

This Caſe is perform'd Geometrically, as the fixth 
Caſe following. | 


- 


* — 

rs... — 0 _ — ** 
— 4 0 i — : , 

* T, * * 


CASES. 
The Baſe B.A, and the Hypothenuſe BC being given, 
zo find the two acute Angles B and C. | 
1. By making the Hypothenuſe Radius. 


As the Hypothenuſe BC 146. 2.104 3526 
Is to Radius go? 5 10. 


So is the Baſe BA 121.394 9.084991 
To the s. of the Z C 5629 150 7 5 9.919846; 


— — — * 


MWhoſe Complement 33˙ 4 50 is the 7 
1 


C 
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2. By making the Baſe Radius. 


As the Baſe BA 121.394 __ 2.0841992 
Is to Radius go? „ „ dee 
So is the Hypothenuſe 146. | 2.164352 

To the ſe. of the g. B 23? 4 10.080136 


By Scale and Compaſſes. 


For the firſt Proportion, extend the Compaſſes from 
146. to 121.394 in the Line of Numbers, that Extent 
will reach from 90 to 56* 15“ in the Sines. | 


By the Sliding Rule. 


Set 146 upon A to 121.394 upon B, then againft 
Radius on SS, is 56? 15! on S. 


By Geometrical Protrattion. 


Draw the Baſe BA, 
and from a Scale of 
equal Parts, take 
121.39, and ſet from 
B to A, and upon A 
raiſe the Perpendicu- 
lar AC: then from 

the ſame Scale of e- 
qual Parts take 146, <<. ; — — 
and ſet one foot of B 1503 
the Compaſſes in B, with the other croſs the Line AC, 
in C, and draw the Line BC, Then with 60? of 

Chords ſtrike the Arch DE; then take DE in your 
Compaſſes, and meaſure it in the Line of Chords, and 
you will find it to contain 33? 45', which is the mea- 
lure of the Angle B, whoſe Complement is the Angle C. 


84 CASE 
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CAS E- VL 


The Baſe BA, and Perpendicular C4 being given 
Fee to find the Hypothenuſe BE, ; 


HIS and the following. Caſe do require two 
Operatiens, the firſt to find the acute Angle, 
and the ſecond (from thence) to find the third Side. 


1. Operation, the Perpend. AC Radius. 


As the Perpend. CA 81.113 1. 9090918 
Is to the Baſe BA 121.394 2.084 1992 


So is Radius 43 ONE. 3 Caſe 4. Pr. 2 
To the Tangent of the Ang. 
"Carr — romp 
C 
£ 
A 


® * 
po 


2. Operation, the Hypothenuſe BC Radius. 


As the s. of the 2 Cz6* Is 9.9198464 
Is to the Baſe BA 121:394 2.0841992 f 
So is Radius 999 10. (Caſes. Pr.. 


. 
— 


To the Hypathenuſe 146 | 2,1643528 9 
By 
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By Scale and Compaſſes. | 


Extend the Compaſſes from 8 1. 113 to 121.39 in the 
Line of Numbers, that Extent will reach from 450 to 
560 15 in the Line of Tangents ; then extend from 
56* 15! to goꝰ in the Sines, that Extent will reach from 
12 1.394 to 146, the Hypothenuſe required. 


By the Sliding Rule. 


Set 81.113 in the Line of Numbers to 459 in the 
Tangents; then againſt 121.39 in Numbers is 360 15? 
in the Tangents; then ſet 360 151 on S, to 90 on 88; 
then againſt 121.39 on B, is 146 on A. 


By Geometrical Protraction. 


Draw the Line, BA, | 0 
and from a Scale of > 
equal Parts take 121. 
394 with- your Com- 
paſſes, and ſet from B 
to A, and upon A raiſe 
* 1 AC; 2 
and from the ſame Scale _—_ 
take 8 1.113, and 2 * 3 US A, 
from A to C: then draw the Hypothenuſe BC, and 
take BC in your Compaſits, and meaſure it upon-your 
Scale, and you will find it 146. If you take 60* of 
Chords in your Compaſſes, and ſet one foot in B, and 
with the other ſtrike the Arch DE; then if DE be 
meaſured in the Scale of Chords, you will find it 33? 


45', the Angle B, whoſe Complement 56 15“ is the 


* 


Angle C. 


y ES CASE 


* 9 _— - 
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| CASE VII. 
= . x 2 
Y The Baſe BA, and the Hypothenuſe BC being given, 
| | to find the Perpendicular. 
| 1. Operation, Hypothenuſe Radius. 
| As the Hypothenuſe BC 146 2.164 3528 
2 Is to Radius 90? IO. 
5 \ So is the Baſe BA 121.394 2.0841992 
j pi: . 
i To the Sine of /_ C 56150 9.9198 464 
6 Whoſe Complement is C B 330 45 oh 
| . 
| 2᷑. Operation, Hypothenuſe Radius. k 
| As Radius 9o* » 10. 8 th 
Is to the Hypothenuſe BC 146 2.1643328 th 
| So is the s. of Z. B 332 45 9-7447390 
| | To the Perpendicular AC 81.113 cok 9090918 
| 2 
| This Caſe may be otherwiſe reſolved, thus. for 
| Find the Sum and Difference of the Baſe and Hypo- 85 
thenuſe; then multiply the Sum and Difference toge- 
| ther, and out of the Product extract the ſquare Root, 


and that ſhall be the Perpendicular. By Logarithms 


you 30 


\ 
4 
| 
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you may add the Logarithms of the ſaid Sum and Dif- 


ference together, halt the Sum thereof ſhall be the Log. 
of the Perpendicular, thus. | 


Hypothenuſe 146 
The Baſe 121.394 


The Sum 267.394 Log. 2.4271516 


The Difference 24.606 Log. 1.3910308 


Their Sum 3.8 18 1824 


half Sum 1.90909 12 


This is the Log. of 81.113 the Perpendicular, which 
is the ſame as before. ö 


By Scale and Compaſſes. 


For the firſt Operation, extend the Compaſſes from 
146. to 121.394 in the Line of Numbers, that extent 
will reach from go? to 569 15! in the Sines. Then for 
the ſecond Operation, extend from goꝰ to 33® 45 in 
the Sines, that extent will reach from 146 to 8 1.113 in 
the Line of Numbers. 5 


By the Sliding Rule. 


For the firſt, ſet 146 on A to 121.394 on B, then 
againſt 90 on SS, you will find 56? 150 on S. Then 
for the ſecond; ſet 90 on SS to 33? 45! ons, and a- 
gainſt 146 on A, is 8 1. 113 on B. 


By G eometrical Protraction. 
Draw the Line BA, and from your Scale take 121. 


394, and ſet from B to A, and upon A raiſe a Perpen- 
FO ON dicular : 


3 * = | * A „ 3 


— HEY HO 
* 


dicular: then from your Scale take 146, and ſet one 
foot of the Compaſſes in B, croſs the Perpendicular in 
C, and meaſure AC upon your Scale, and you will find 
it to be 81.113. 


= CHAT. IV. 
Of the Di menfion of Oblique angled Plain Tri angles. 


N the Solution of Oblique angled plain Triangles, 
there are but five Caſes, the reſolving of which de- 
pends upon the three following Axioms. The firſt of 
which ſerves for the reſolving of the firft and ſecond 
Caſes. The ſecond for reſolving the third and fourth 
Caſes. And the third is appropriated only to the fifth 
and laſt Caſe. 
I ſhall firſt explain and demonſtrate the ſaid Axioms, 
= znd then proceed to the Reſolution of the Caſes 
= thereby. | . 


Kn E 


In every plain Triangle (as well right as oblique an- 
gled) the Sides are in Proportion one to the other, as 
are the Sines of the Angles oppoſite to thoſe Sides, & 
contra. 


Con- 
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Conſtruction. Let the Triangle ABC be inſcribed in 
a Circle, and from þ 
the Center D let 
there be drawn the 
ſeveral Radi: DE, 
FD, DG, perpen- 
dicular to the re- 
ſpective Sides of the 
Triangle; ſo will 
they biſſect as well 
the ſeveral Arches 
BGA, as their Sub- 
tenſes AC, CB, and 
BA : and let there 
be alſo drawn the Radius DC. | 


Demonſtration. Now becauſe the Angle at the Cen- 
ter EDC, is equal to the Angle in the Periphery ABC; 
and CDF at the Center, equal to CAB (by Excl. 3. 
Lib. 20. Pr.) therefore ſhall the halves of the Sides 
be as Sines : and what Proportion the Side CA hath ta 
the Side CB, the ſame ſhall the Sine CH have to the 
Sine CK; for what Proportion the whole hath to the 


whole, the ſame Proportion hath the half to the half, 
which was, Cc. 


And from this Axiom follow theſe Conſectaries. 


x. If the Angles of a Triangle be given, the Reaſon 
of the Sides is alſo given. And conſequently, 


If one Side be given beſides the Angles, both the o- 


ther Sides are alſo given. 
2. If two Sides of the Triangle. be given, with an 


Angle oppoſite to one of them, the Angle oppolite to 


the other of them is alſo given. 
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For the firſt Proportion: Set 370 37 on S to 62 
zol on SS, then againſt 350 on B is 509.976 on A. For 
the ſecond Proportion: Set 379 30/ on S to 80 on SS; 
then againſt 330 on B is 366. 203 on AP, 


By Geometrical Protraction. 


Draw the Line AC, and from your Scale take 3 50 
with your Compaſſes, and ſet from A to C; then upon 
A with 60 of Chords ſtrike the Arch Ce, and take 
62 30 from the Line of Chords, and ſet from C to c, 
and draw the Line AB thro' the Point c: then again 
with 60 of Chords, one foet of the Compaſſes in C, 
ſtrike the Arch A a, and ſtrike 800 out of the Line of 
Chords, and ſtrike from A to a; and thro? the Point 4 
draw CB, which will cut the other Line in the Point B, 
the other Angle of the Triangle. And if you meaſure 
the Line AB in your Scale, you will find it 566.2, and 
you will find BC near 510. | 


CASE 
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"CASE H. 


= Two Sides, with an Angle oppoſite to one of them, 
| being given, to find the Angle oppoſite to the 
1 . other of them. — 


Let the two Sides 
AC and BC, and the 
Angle CAB, oppoſite 
to the Side CB, be 
given, and let the An- 
gle B (oppoſite to the 
Side AC) be required. 


Wl As the Side BC 509. 376 Ar. Com. 72924502 


Is to the s. /_ A 62 30. 9. 9479289 
So is the Side AC 350 2. 5440680 
1 To the s. of the Z. B 370 30 9.7844471 


Or if the two Sides AB and BC, and the Angle A 
oppoſite to the Side BC, had been given, and the An- 
gle C had been required; then, 


| i | As the Side BC 509.976 Ar, Com. 7.2924 502 
= Is to the s. /_ A 622 300 9.9479289 ; 
So is the Side AB 556.203 208.7529724 
| | 3 | — * 
| To the s. of the g. C 80* OO. | 99933515 ; 
[ | Mur, In this Caſe there may a Doubt ariſe: for x 
c if two Sides be given, whereof one of them 1s e 
: | | the greateſt Side, rogether with the Angle op- 


= polite to the leſſer of the two given Sides, and 
1 the Angle oppolite to the greater of the os 
E | ides 


ES oats 2, hn. «rw 


SF. n 


Roc * 


l R * 4 > Batra, '} Ry 
ee nts Hy ES Rs © Ne} IT, * 


* 
? 
g 
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Sides be demanded (as in ths laſt Queſtion) it 
will be doubrful whether the Angle found be 
Acute or Obtuſe ; for that the ſame Sine found 
in the Canon doth anſwer both, ſo it may be 
doubted whether the Angle found in the laſt 
Queſtion was 80 or 100 (viz. its Complement 
to 180.) Nor can this doubt be cleared better 
than by a true delineation of the Triangle, or 
elſe by finding the third Angle. 


By Scale and Compaſſes. 
For the firſt Queſtion, extend the Compaſſes from 
| 509.976 to 350 in the Line of Numbers that extent 


will reach from 620 30/ to 372 30“ in the Line of 
1 Sines. For the ſecond Queſtion, extend from 509.976 


to 566.203 in the Line of Numbers, that extent will 


. | reach from 62® 30“ to 80 oo ih the Sines. 


By the Sliding Rule. 
For the firſt Queſtion, ſet 509. 976 on A to 350 on 


B, then againſt 622 3o/ on SS, is 37? go' on S. For 
l the ſecond Queſtion, ſet 509.976 on B to 566.203 
on A; then againſt 629 30' on 8, is 809 oO on SS. 


By Geometrical Protra#ion. | 
Draw the Line AC, and from your: Scale take 330, 
and ſet from A to C: then with 60 of Chords, ſtrike 
the Arch Dd, and from the Line-of Chords take 620 


30% and ſet from D to 4, and through the Point 4 


draw the Line AB ; then take 509.976 from your 
Scale of equal Parts, with your Compaſſes, and ſet 
one foot in C, with the other croſs the Line AB in 
the Point B, and draw CB. Then to meaſure the An- 
gles, with 609 of Chords, ſee one foot of the Com- 
paſles in B, ſtrike the Arch Ee, and meaſure Ee in 
the Lane of Chords, which you will find to contain 
379 3o': After the ſame manner you mult meaſure the 

9 
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Angle A C B, by meaſuring the Arch Ff in the Line 
of Chords, which you will find to contain $80? o 


AK IOM I. 


In all plain Triangles. As the Sum of the Sides 
comprehending the Angle given, 1s to the Difference 
of the ſame Sides; ſo is the Tangent of the half Sum 
of the oppoſite Angles, to the Tangent of half the 

Difference of the ſaid Angles. 

Nou the Sum of the two oppoſite Angles is known, 
being what the given Angle wants of 1809, and their 
Difference is found by this Axiom. And if you add 
the half Sum and half Difference together, it gives 
you the greater of the two Angles ſought. And if 
the halt Difference be ſubtracted from the half Sum, 


there remains the leſſer Angle ſought. 
The Demonſtration of this ſecond Axiom is briefly thus. 


I fay, the Sum of the Legs of any Angle a, is to their 
Difference, as the Tangent of half the Sum of their 
oppoſite Angles, is to the Tangent of half their Dit- 
ference, 


Let 


_ PR —— 8 


C hap. 4. Plain Trigonometry. LN 
Let A, B and 


C repreſent the 
three Sides, and 


three Angles of 
the given Trian- 
ole; produce C, 
one of the given 
Legs of the An- 
ole (a), given, 
till a become 
equal to B, the 
other Leg given; 
then biſſect f 
in e, join c 7, 
and biſſect c f, in 
d, and draw ad, which willbe perpendicular to c f (by 
19 Def. Chap. 1.) and draw d e, which will be parallel 
toc 5 (ZEucl. 6 Lib. 2 Pr.) then will the Angle ca d= 
d af, that is, to half ca f: which external Angle c a f=c 
＋ , that is, to the Sum of the oppoſite Angles required: 
Then draw g @ Parallel to c; fo will the Angle 
gac be equal to the alternate one c. And if from half the 
Sum of the oppoſite Angles, you take the leſſer Angle, 
that is, if from ca d, you take ga c, there will remain 


the Angle g ad, equal to half the Difference of the op- 


polite. Angles. And fo alſo, if from þ e, half the 
Sum of the Legs, you take C, the leſſer Leg, there 
will remain @ e equal to half the difference of the Legs. 
And then ſince the Triangle c a d is Right-angled, if 
od be made Radius, cd will be the Tangent of the 
Angle cad (i. e. the Tangent of half the Sum of 
the oppoſite Angles;) and in the little Triangle g @ 4, 
£ 4 will be the Tangent of the Angle g di. e. the 


Tangent of half the difference of the oppoſite Angles 


but the Segments of the Legs of any Triangle cut by 


Lines parallel to the Baſe being proportional, eb : ea: 


ca: 24; That is in words, halt the ſum of the Legs, is 
D 2 to 
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half their Difference, as the Tangent of half the ſum 
of the oppoſite Angles is to the Tangent of half their 
Difference. But Wholes are as their Halves : There- 


fore the Sum of the Legs is to their Difference, as the 

Tangent of half the Sum of the oppoſite Angles, is 

* the Tangent of half their Difference. Which was, 
C. 


FY 
* 
„ * 


287 
vs a * 27 1 
1 NLD 2 
— * of „ * N — — 
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PT) ": CC —— » A 
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Two Sides, with the Angle comprehended by them, 
being given, to find the other two Angles. 


In the Triangle ABC, 


there is given the Side 


AB 566.203, and the 
Side AC 350, and the 
Angle comprehended 
62230 ; the Angles 
.ACB and ABC are re- 
quired. | 

AB= 566. 203 > $$ oe 

AC=350 Subt. 62 30 


+ 


The ſum=916.203 Rem. 117 zo Sum Cs BandC. 


Differ. =216.203 58 45=half Sum. 


As 916.203 the ſum of the Sides Ar. Com. 7.0380083 
Is to 216.202 the Diff. of the Sides 2.3348617 
So is t. 58? 45 the half Sum of the op- 110. g 
poſite Angles F 19.216943 
To the t. of 21 15 half the diff. of — 9.5895 138 


If 


oppoſite Angles. 


Part I: 


Plain Trigonometry. 
If you add 219815 lo 58 


37 


45', the Sum is 802 oof, 


the Angle ACB ; and if 21® 15/ be ſubtracted from 
582 45, there mill remain 379 3o' the Angle ABC. 


— — 


. W 


CASE IV. 


Two Sides, and the Angle comprebended between 
them, being given, to find the third Side. 


In the Triangle ABC, 
there is given the Side 
AB 566.203, and B C 
509.976, and the com- 
prehended Angle B 37? 


30/; to find the third 


Side AC. 


The Side AB= 566.203 
The Side BC g go. 976 


C.. 


The Sum = 1076.179 


— — 


Difference = 


56.227 


— 


71 


As 1076. 179 the Sum of the Sides Ar. Com. 6.9681154 


Is to the Difference 56.227 
So is t. 71® 15 halt the Sum of the oppo- 


ſite Angles. 


To t. 89 45/0 half the difference of the 


oppoſite Angles 


1 . 7499449 
10. 4692187 


an 


If 80 45 be added to 719 15', the Sum will be 
$0” oo the greater Angle C; and being ſubtracted, 


the remainder is 620 30ʃ, 


the leſſer Angle A. 


D 3 Then 
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Then by the firſe Caſe of this Chapter, 
As s. 622 3o' the Z. A Ar. Com. 0.052071; 


Is to 509.970 the {ide CB 2.7075498 
So is s. 37? go' the B 9.784447 


2.5440680 
AA IOM III. 


In all plain Triangles. As the greateſt Side is in 
proportion to the Sum of the other two Sides, ſo is 
the Difference of thoſe Sides, to a Segment, or part of 
the greateſt Side; which being ſubtracted from the 
greater Side, a Perpendicular ſhall fall in the middle 
of the Remainder. 

In the Triangle ABC, the greateſt fide is B C, the 
leaſt ſide A C. | 

Upon A as a Center, at the diſtance of the ſhorteſt 
fide AC, deſcribe the Circle CDEF, and continue 
the ſide BA to D; ſo ſhall BD be the ſum of the 
Sides BA and AC, and AC and AE are equal, 
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From hence follows this Demonſtration. 


As CB is to BD, ſo is EB to BF, Now the Rec- 

* tangle of the Means is equal to the Rectangle of the 

1 Extremes, that is, CB+BF is equal to BD+EB. But 
5 the Rectangle of BC in BF is equal to the Rectangle 
1 of BD in EB, (by Eacl. Lib. 3. Pr. 36. Conſect. 1.) 
” | therefore the Proportion is true. And becauſe the 
Triangle FAC hath the two Legs AF and AC equal 
by Conſtruction, therefore the Perpendicular AG biſ- 
ſecteth the Baſe FC. (by Def. 19. Chap. 1. Which was, 


in Sc. : 


is By the help of the former Axiom the following 
of FF Caſe is reſolved. 

ne | 

| CASEY; 


he The three Sides of an Oblique-angled Triangle be- 
| ing given, to find the Angles. 


ſt 3 
- | N the former oblique-angled Triangle ABC, let 
ö AB 213. 3, AC 107. 5, and BC 250. 2 be given; 


and let the Angles be required. 
The fide AB==213- 5 
The ſide AC=107.5 


Their Sum=321 =BD - 


Their Differ. = 106 = BE Then ſay, 

As the greateſt Side BC 250.2 Ar. Com. 7.6017127 
Is to the Sum of the other two 321 BD 2.5065050 
So is the Differ. of the other two 106 BE 2.0253059 


To the Difference of the Segments of the 
Baſe 135. 995 2 BF 0 12.335236 
Then if this Difference 135. 995 be ſubtracted from 


oh the greateſt Side BC 250. 2, there will remain 114.205 
D 4 equal 
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equal to FC, the half thereof 37. 1025 is aqua to CG 
the leſſer Segment of the Baſe ; and if 57.1025 be 
added to the ſaid Difference. 135.995, the Sum is 
193.0975, equal to BG the greater Segment of the 
Baſe. By this means the oblique angled Triangle is 
reduced into two right angled Triangles, viz. ABG 
and AGC, both right angled at G, in either of which 
there is given the Hypothenuſe and Baſle, fo that the 
Angles may be found by Caſe V. of right angled 
plain Triangles, thus. 


As the Hypothenuſe AB 213-5 2.3293979 
Is to the Radius 10. 
So is the Baſe BG 193.0975 2.287762 


To the s. of the C BAG 64 44 51% 9.9563783 


The Complement of 64 44 5 i is 259 15/ 09% | 
and ſo much is the Angle ABG. Again, | 


As the Hypothenuſe AC 107.5 2.031408 3 
Is to Radius 10. 
- So is the Baſe GC 57.1025 1.75665 52 


—— — — ——— 


To the s. of the? GAC 32⁰ 558“ 9.723246 


Whoſe Complement is 379 54, „52% the Angle ACG. 

If you add the BAG 649 41! 51, and the 2 G AC 
320 57 together, the Sum will be 962 49/ 590% ; and 
io much is the whole / BAC. 


a PTE. Ee | h; 
Another way T0 K ebe this Caſe and that at ove e 
Operation. I 


ROM half the Sum of the Sides, ſubtract each 
particular Side, and ſet down the Remainders. 


52 hen, 
As 


Chap. 2. Plain Trigonometyy. 41 


As the Rectangle of half the Sum of the Sides, and 
the Difference between that half Sum, and the Side 
oppoſite to the Angle required, f 

Is to the Rectangle of the other two Remainders; 

So is the ſquare of Radius, 

To the ſquare of the Tangent of half the Angle 
ſought. ; 
I ſhall firſt lay down the Demonſtration of the Axiom, 
and then proceed to explain it by Numbers. 


| Demonſiration. In the Triangle BCD, let the Angle 
D be required. 

Firſt, Let the Sides BD and DC be produced to F 
and G, ſo as DF may be equal to half the Sum of the 
Sides, DB, DC, and CB, and equal to DG; and let 
{ Angles at F and G be right. Upon the Center E de- 
| ſcribe the Circle NOR, making RG and NF equal to 
| CC: then is DR or DN the Difference between DG the 


half Sum of the Sides, and the Side CB; and the Dif- 
terence between DG the half Sum, and the Side DC, 
is the right Line GC or NB; to which let OB be equal, 
and the Difference between DF the half Sum, and the 
Side DB, is the Line BF equal to CO, CR, or BY: and 
the Triangles ENB and BFH are like, becauſe their 
Angles at N and F are right; and NBO and OBF are 
qual to two Right Angles, and NBE and FBH are * 
| rner 
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ther equal to half two Right Angles : Therefore FBH 
and NEB are equal; and NBE is alſo equal to FHB. 
Then are the Triangles NEB and FBH ſimilar. Then, 


By ſimil. as | 1 | EN : NB:: BF: FH 

x *.* 2 | EN + F H=NB+BF 

By ſimil. as | 3 | FD: ND: : HF: EN 

3+EN | 4 | HF: EN: : HF+FN: ENa. whoſe 
| Root is the Radius of the Circle 
NOR. 


| 


5 | ND: Radius:: NE: tD. 

2, 3» 4 6 | FD: ND: : NB+BF: ENq $ 

64+ND 7 | FD+ND: NDq : : NB+BF : ENA 
Again, | 8 | ND+EN : : Radius: t. EDN 3 

8 ſquared | 9 | NDq : NEq: : Rad. q.: tq, : EDV 

7, 9 110 | FD4ND: NB+BF ::Rad, q.: ta. 

| EDN. That is, | 


As the Rectangle of FD the half Sum of the Sides, 
and DN the Difference between the half Sum FD and 
the ſide CB oppoſite to the Angle fought, 4 

Is to the Rectangle of BN and FB the Differences of 
the other Sides and half Sum : | $ 

So is the Square of Radius, 3 

To the ſquare of the Tangent of the Angle EDV 
or half the Angle CDB, as was to be proved. J 


And now to explain the ſame in Numbers. 


= In the Tris | 

= N gle BCD, let tit 

8 By fide BD 587, in 

8 = fide CD 433, a 

27 the ſide CC 3 
= be given; to fi 


557 Þ the Angle D. 


Bl 


Chap. 4. Plain Trigonometry. 43 


CD=433 | 253 >The Dific 
BC=352 | 334 : 


BD=587 | 0 


Sum 1372 


half Sum 686 
| Now ſet down the Arithmetical Complements of 


the Logarithms of the half Sum 286, and of the Diffe- 


rence between the halt Sum and the Side BC, oppolite 
to the Angle D, viz. 334, and under them the Loga- 
rithms of the other two Differences 2 53 and 99, half 
their Sum will be the Tangent of half the Angle D re- 
uired, 
The half Sum 686 Rk Comp. 7.1636759 
The Difference of the hal 
Sum and BC 334 F AF. eee 7-SvECES 
The Difference of the half + CD 953 2.4031205 


Sum and 99 1. 9956352 


Sum T9: 6386852 


ä — 


n 


Half Sum 9. 5193425 


Which half Sum of the Logarithms is the Tangent 
of 189 17! 44, the double whereof is 360 35 28% the 
quantity of the Angle D required. 


Apain, Jet the Angle B be required. 
The half Sum 686 Ar. Com. 7-1636759 


The Difference of the half 
Sum and CD 253. 5 Ar. Com. 7. 5968795 


The Difference of the half Sum um and 5 BC N 52 02608 


Sum 19.2799371 
Half Sum 9.6394685 


This 
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This half Sum is the Tangent of 230 34 500 
the double thereof is the /_ B 47 09 40 


Let the Angle C be alſo required. | 
a organ 686 Ar. Com. 7-1636759 
e Difterence of the half 
Sum and BI os ; Ar. Com. 8.004 304 
The Difference of the half JDC 253 2.4031209 
Sum and BC 334 2:5237465 


— — 


* 


Sum 20.0949077 


Half Sum 10,04745 38 


This half Sum is the Tangent of 48? 07! 26/ 
the double whereof is the Creq. 96 14 52 
The Angle B being | 47 09 40 

And the Angle D being 36 33 


— — 


The Sum is juſt two right Angles 180 00 oO 


You may alſo find an Angle ly having the three Sides, by 
Sines, thus. | 
As the Rectangle of the containing Sides or Legs, 
Is to the Square of Radius; 
So is the Rectangle of the Differences of the ſaid 
Legs from the half Sum of the three Sides, | 
To the Square of the Sine of half the Angle ſought. 


Let the Angle D in the foregoing Triangle be required. 
The fide DC 433 Ar, Com. :7.3035 121 
The ſide DB 587 Ar. Com, 7.2313619 
The Difference of the half) CD 253 2.4031205 
Sum and 5 99 19936353 


Sum 18.9936298 


Half Sum 9.4968 149 
Which half Sum is the Sine ofa 8 17/ 17”, the double 
thereof is 360 35/28 the Angle D, the ſame as before. 


Chap. 3. 


4 Synopfis of the Doctrine of Plain 7. riangles. 


Plain Trigonometry, 


C 


B <— 


: A 


45 


Right-Angled. 
Caſe. | Given jRequir.| ' Proportions. 
AB | i. C: BA:: 2B: Ac. 
; & AC 2. Kt BA:;tB; AC. 
B 3. tC: BA:: RAC. 
AB 1 3C:BA:: R: BC. 
II. 1 BC 2. R:BA:: 23 B. 
2 3. t C: BA:: se C: BC. 
1 „ Nine 
III. | & BA 2. se B: BC :; R: BA. 
B 3. se C: BC: t C: BA. 
laB | B | 1. 3A. R AC: t 
IV. & & whoſe Complement is C. 
AC C . CA: Kr 3B ALC. 
whoſe Complement is B. 
BC B BC. Rn MC 5 
V. & whoſe Complement is B. 
AC C 2. BA: R:: BC: se B. 
whoſe Complement is C. 
AB | 1. CA: BAtR:tC. 
VI. & BC Then again, 
AC | 2..8C: BA: RZ. 
— ] * a _ * 
AC | 1. Be: R:; BA: oC; 
VII. & AC whoſe Complement is B. ö 
BC Then again, 
| 2. R:BC::$B: AC. 


3 —_— 1 1 INTE _ 


Plain Trigonometry. 


Part I, 


Oblique-Angled, 


Proportions. 


* 


— 


B: Ac :: s C: AB, 


CB4-CA : CB—AC : 


may find the Side AB. 


a ꝶ— — — —L— 


and 1 FC is CG. 


t 2 ATB: t z the 3 
added to 


Find the Angles A and B 5 the 
aft Caſe, then by the firſt Caſe you 


—— d — 


BC: AB+AC: : AB—AC : 
BF. Then BC—BF=FC 


1 hus is the Oblique Angled Tri. 
angle reſolved into 2 Right-angled 
ones, in either of which the Hypo- 
8 is known, and alſo the Baſe. 


which half diff 4 N 
aalf Sum, gives the 8 Angle 


In this Synopfis + ſignifies two Lines or Angles added to- 
gether, and — ſignifies Sanna, or the difference of * 


Lines or Angles. 


— — 


1 
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And thus have you the ſeven Caſes of Right- an- 
gled, and five of Oblique-angled plain Triangles ſuffi- 
. ciently demonſtrated and explained. I ſhall next pro- 
cted to ſome Problems Trigonometrical. 


| 


_— . Gy * 


CHAP V, 


Problems Trigonometrical. 


Problem I. One Side of an Obligue angled plain 
* Triangle, the Angle oppoſite to that Side, and 
the Sum of the other two Sides being given ; to 
© find the other two Sides, and the Angles ſeverally, 


N the Trian- 


1 gle ABC, let 'D 
the Side BC 532, _ 
and the Sum of 2 ; 
the other two I-59 : 
Sides BA and AC , ; 
1037, and the An- 4 i . 
ale BAC 1100 B r Ne 


30“ be given. 

Extend the Side B A to D, making AD equal te 
AC, and draw the Line DC; ſo ſhall you have two 
ther Oblique-angled Triangles BDC and ADC. In 
Wie Triangle ABC is given the Angle BAC 1109 30%, 
and conſequently in the Triangle ACD you have gi- 
den CAD 692 zol, it being the Complement of the o- 
mer to 180%, (by Def. 16. Chap. 1.) allo the Trian- 
Bi: ADC is Equicrural, by Conſtruction; and there- 
wore the Angles at the Baſe ADC and ACD are equal 
[»y Def. 19. Chap. 1.) viz. each of them is equal to 
z'! the given Angle 55% 15. Now in the Triangle 
D there is given, | 

| 1. BC 
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1. BC 532 
2. BD 637 
3. The Angle BDC 55® 150 
From whence you may find the Angle DCB (by 
Caſe 2. Chap. 4.) 


As the Side BC 532 Ar. Com. 7.2740884 
To this s. /_BDC 55? 15 | 9.91468 52 
Sois the Side BD 637 2.8041 394 


To the s. BCD 1009? 19/ 9.9929 130 


From which ſubtract the Angle ACD 559 15/, and 
the Remainder is 452 04/ for the/ ACB; and the 
Angle ABC is 24® 26/, and is found 7 ſubtracting 
the Sum of BCD 1002? 19/ and D 55 150 from 1808 
The Sides AB and AC may be found thus (by 
Caſe I. Chap. 4.) 


As the s. Z BAC 1109 30/ 


(or 699 307 a Ar. Com. 0.0284124 

Is to the Side BC 532 2.729116 
So is s.  ACB 452 0 | 9.8499897 
To the Side AB 402.08 2.604 3137 
Again, | — 

As the s. ABC 110 30% Ar. Com. 0.028412. 
Is to the Side BC 532 2.7259110 
So is the s. ABC 24® 26/ „ 40106104 
To the Side AC 2 34.9 3 2. 3709404 


By Scale and Compaſſes. 

For the firſt Proportion, extend from 332 to 637 
in the Line of Numbers, that extent will bach from 
350 150 to 79 40/ in the Sines; but becauſe tit 
Angle a © is Obtuſe (as appears by the Figure 
hace the Complement of 79 40' to 1809 is 100 


10 3 
* 

br 

2 

7 

4 

7 


ſo * — rn 

* . EE * n £ 9 2 * X 2 ; 4 * 1 7 3 * = Ly a a ES a " 
INE. aig * e 24 4 EEE TO IS SY ** . 
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19' the Angle required. For the ſecond Proportion, 
extend from 69 3o' (the Complement of 1102 300 to 
180?) to 45 04/ in the Sines, that extent will reach 
from 532 to 402.08. For the third Proportion, ex- 
tend from 69 3o' to 24® 26/ in the Sines ; that extent 

will reach from 532 to 234.93 in the Line of Numbers, 


By the Sliding-Rule. 

For the firſt Proportion, ſet 532 on B to 637 on A, 
then againſt 55? 15! on 8, you will find 79? 40 on SS. 
For the ſecond Proportion, ſet 69® 30“ on SS, to 45® 
o4/ on 8, then againſt 532 on A, is 402.08 on B. For 
the third Proportion, ſet 69 300 on SS, to 24® 260 on 
8, then againſt 532 on A is 234.93 on B. 


„% —— — 


Problem. II. One fide of an oblique angled Plain 
Triangle, the Angle oppofite thereto, and the Dif- 
ference of the other two Sides being given, to 
find the other Angles, and the two Sides ſeverally. 


In the Tri- 


-angle ABC, let — | 


BC 250.2, and D , a 
the Difference 66 


of the other 22885 
two Sides 106, & . "25072 
and the Angle ; 
BAC (oppoſite to BC) 96 50! be given. 
Make AD equal to AC, and draw CD, conſtitu- 
ting the Triangle ACD Equicrural; and the Angle 
DAC being 968 50% the Complement thereof to 1800 
is 839 101 tor the two Angles ADC and ACD; which 
being equal one to the other, therefore each of them 
is half 830 10% that is 41 35! ; and by drawing the 
Line CD, there is alſo another Triangle made, where- 
in is given the Side BC 250.2, and B D 10 6 equal Fo 
i the 
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the Difference of the two Sides AB and AC; and 
there is alſo given the Angle BDC 138? 25/, equal to 
the Complement of ADC, 41 35/, to 180% From 
theſe things given, you may find the Angles ACB and 
ABC, and allo the Sides AB and AC, ſeverally. 


As the Side BC 250-2 Ar. Com, 7.601725 

Is to the s. C BDC 1389 25/ (or its c 
Compl. 41 35/) c 9-0219775 

So 1s the Side BD 106 2.02 53059 


To thes. BCD 160 19782“ 9.4489961 


To which if ACD 419 350 be added, the Sum is 375 
54 52“ for the whole Angle ACB. And if the Angle 
A be added to it, and the Sum ſubtracted from 180, 
there will remain 239 150 08” for the Angle ABC 
Find the ſides AB and AC as in the laſt Queſtion, thus, 


As the s. /_ BAC 96 500/ (or 


ep 10 [ Ar. Com. 0.0030960 


Is to the Side BC 250.2 2.398287; 

So is the s. C ACB 57® 54' 82“ 9-9280146 

To the Side AB 213.5 2.329397 
Again, : 

As the s. of the / BAC 96® 50 Ar. Com. 0.0030960 

Is to the Side BC 250.2 2.398287 

So is the s. ABC 25® 15' 8" 9.6 300247 


To the Side AC 107.5 20314080 


By Scale and Compaſjes. 

For the firſt Proportion, extend from 250.2 to 100 
in the Line of Numbers ; that extent will reach fron 
410 35/0 160 20/ in the Line of Sines. For the ſe- 
cond Proportion, extend from 830 100 to 572 55 b 

| | the 
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the Sines; that extent will reach from 250.2 to 213.5 
in the Line of Numbers. For the third Proportion, 
extend from 83? 10' to 25 15“ inthe Sines z. that 

extent will reach from 230. 2 to 107.5 in the Line of 
Numbers. 


By the Sliding-Rule. 

For the firſt Proportion : Set 250.2 on Ato 106 
on B, then againſt 419 35! on SS, is 160 20/ on S. 
1 For the ſecond Proportion: Set 83? 10' on SS, to 
5) 55! on 8, then againſt 250.2 on As is 213.5 on B. 
For the third Proportion : Set 83? 10! on SS, to 25? 
15 on 8, then againſt 250 2 on A, is s 107.5 on B. 


— 


Problem III. One fide of a r 800 angled _— 
Triangle, and the other two Sides in one Sum, 


being given, to find the Angles and the Sides 
ſeverally, 


N the following Figure, let the Baſc AB 40, and 
the Sum of the Perpendicular and Hypothenuſe, 
3 *o 200, be given, to find the Per- p | 
0 1 e AC and Hy Pothenuſe 
—ſeverally. 17 
79 lathe Triangle ABD is given tgne 
— Baſe and Perpendicular, whereby 
you may find the Angles ABD and 
60 . ADB, thus. 
73 As the Baſe AB 40 1. 6020600 


47 Lo Radius 45 10. 

— Soisthe Perpendicular 

go 45 * 5a. 3010300 
To the t. ABD A 2410: 
6989700 


Whoſe Complement is the Angle 
D 110 18/36/; and becauſe CD is 
equal to CB, therefore i is the Angle 
| CBD allo 11% 18! 36" ; then if 119 


E 2 


— — , EEE, NOR 


— : 8 
— . 
— — EC rae — _ 
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18736“ be ſubtracted from the whole Angle ABD 
780 41' 24”, there will remain the Angle ABC 699 
22! 48”, Then to find the Sides, ſay, 
As Radius to the Baſe AB 40 1.6020600 
So is the t. ABC 679 22/ 48” 10. 3802083 


CE 


To the Perpendicular AC 96 1.982268z 


Then ſubtract 96 from 200, and there will remain 
104 for the Hypothenuſe CB. 


By Scale and Compaſſes. 

For the firſt Proportion, extend from 40 to 200 in 
the Line of Numbers, that extent will reach from 4;® 
to 789 41/. For the ſecond Proportion, extend from 
45® to 679 23 in the Tangents, that extent will reach 
from 40 to 96 in the Line of Numbers. x 


| By the Sliding Rule. 

For the firſt Proportion, ſet 40 on B to 200 on A, 
then againſt Rad. on Tangents, is 78? 41', For the 
ſecond Proportion, ſet 67? 25 of Tangents to Radius, 
then againſt 40 on B, 1s 96 on A. 


Problem Þ * 


—_— ww - 


= ws Ow 


EPL 
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Problem IV. There are two Ports repreſented by 


C and D, which. are 20 Miles aſunder ; and 
there are two Ships at Sea repreſented by A and 
B, and each of them makes Obſervation ta the 
ſaid Ports, and finds the Angles CAD 62 oof 
and CAB 24 oo, and the Angles CBD 81% 00! 
and DBA 48 od. To find the Diſtance of each 
Ship from the Perts, and of the Ships from each 


other, is what is required. 


HE C. ABC is 1299, to which add BAC 249, 
5 the Sum is 153®, whoſe Complement to 1809 is 
279 forthe / A CB. | 

And the Z. BAD 15s869, to which add ABD, and 
the Sum is 134®, whoſe Complement to 1809 is 460 
E oo! for the /_ ADB. 


D 

| 
2 
10 15 "I" D. 
B —— 


| Now becauſe there are not Data ſufficient in any 
de of the Triangles, therefore for the prefent we will 


* 


uppoſe the Side AB 18. 

Then in the a ABC, 

| is the s. CAC; 270 oof Ar. Com. o. 3429532 
To AB 15 1.1760912 
| oi5thes. / ABC 1292%09(or itsCom. 31909. 8905026 


4 4 : N 
Io the Side AC e- 6772 


— 


1. 40954 


= * ST 9 = U 
5 = _ \ G \ = - 


n > —_— Þ, YJ E 
o U 8 = 
©% SE 
i _ = = 
y * - CC 6 ! * 
4 9 kd w 
. ̃ . w | 
4 — = — o — 
"= ry — = — - * - =. 
— Foo II 2 — 
ä A 
— — — — — w — - © 
* 
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— — 293 * 
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— 
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4 
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- 5 d 0 — Bas . 
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* 
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ke 
* 
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* 
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The Side AD g 15. 49637 62=27 CADlub. 
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In the a ABD. 
As the s. C. ADB 46? oo! Ar. Com. 0.14306;9 


Is to the Side AB 15 1. 1760912 
So is the s. / ABD 48 O 9.871073; 


To the Side DA 15.49637 1.1902 206 


In the a ACD (by Caſe 3. Chap. 4.) 
The Side AC=25.6772 180? 


The Sum 41.173 57 118 diff.=ADC+ACD ö 


The Difference 10.1808 3 59 the half. 
As the Sum of the Sides AC 
ce: a AT ny c Ar. Com. 8.385361, 


Is to the Difference of the ſame 1.007784; 
So is t. of half the oppoſite Angles 390 3o' 10. 22 1226; 


Tothe t. of half their difference 220 22/ 05” 9.6 143910 : 
Which added to the half Sum makes 8 10 22705 
for the Angle ADC, and ſubtracted from the hal 


Sum, there remains 360 37! 35" for the Angle ACD. 
Then again in the a ACD. | 
As thes. of the ADC 8122 05 Ar. Com. 0.00494)! ] 


Is to the Side AC 25.6772 1.409540 
So is the s. of the C DAC 62 oo” 9.945030 


To the Side CD 22.93133 1.36042 | 


But CD the Diſtance of the Ports is but 20 Mils 
therefore to find the other Diſtances truly, you mu 
argue thus: F 


n 


4 
* 
bo 
A 
- 
2 
_ 2D 
Y 
* 

5 


9 _ "er * . 3 W Co de: ES EY Ss”; has 9 2 
F; I Wo 7 - FL Co. $7 Ins þ 7 Fw R e N 
? +4843 «2+ Jr nk + SS e Fea Wy. & 13 P — a 2 - 
9 W 


W ah * ee 
3 CE? 4 = 2h "ID EY 2 
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55 
As CD 22.93 133 the aſſum'd ſide Ar. Com. 8.6395707 
Is to DC 20 the true ſide 


1. 30 10300 
80 is AC 25.6772 the aſſum'd ſide 1.409470 
To AC 22. 39486 the true ſide 5 1.3501477 
In the a ABC. 
As the s. of the ABC 12900 Ar. Com. 0.1094974 
Is to the ſide AC 22. 39486 1.301477 
So is the s. of the ACB 272 O00 S -6570468 
To the fide AB 13.0825 1.1 4166959 | 


In the a ADC. 


As the s. of the DAC 622 oo! Ar, Com. 0.054065 1 
Is to the ſide CD 20 1. 30 10300 
So is the s. of the. ACD 362 37! 557 9.777359 
To the ſide AD 13.5155 5 1.13083 10 


In the 4 ABD. 


As the s. of the. ABD 48? oo! Ar. Com. 0.12892 65 
Is to the ſide AD 13.5155 


1.1308 310 
So is the s. of the / BAD 86 00! 99989408 
To the ſide BD 18. 1425 1.886983 


In the A BCD. 


As s. DBC 819 oo Ar. Com. o.oog3801 
Is to the ſide CD 20 


1. 30 10300 
So is the s. BDC 35? 221 og" 9.762548 5 
To the ſide CB 11.7208 1.068986 


E 4 Problem 
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Problem V. There are three Ports repreſented by 
A, B, and C, which a Ship at D diſcovers, and 
is defirous to know how far ſhe is diſtant from 
each of them; in order thereunto ſhe makes Ob- 
ſervation, and finds the Angle that A and C mage 
with D to be 25? oof, and the Angle that A and 
B make with D to be 19% % New between A 
the middlemoſt, and B the neareſt Port, is 8 Miles; 
between B and C 1s 12 Miles, and between C an! 
A is 7. 2 Miles. Tou Tdefire to know bow far 
the Ship at D is diſtant from every one of the 
Ports at A, B, and C. 


IRST, draw the Lines DC, DA, and DB, and 

then through the three Points C, B, and D de- 
ſerit the Circle, and draw the Lines CE, and BE; 
then will the Angle CBE be equal to the Angle CDE; 
and alſo the Angles ECB and EDB are equal (by Zacl, 
3 Lib. 21. Pr.) Hence all the Angles, and one ſide, in 
the oblique angled Triangle ECB, are known ; from 
which the other two ſides may be found, thus : 


180 
EBC=25® 
ECB=19? 


Sum 44 ſub. from 180 


CEB=136 Remains 


As s. CEB 136 0. 1582287 
TO CB 12 1.0791812 
So is S. EBC 25 | 9.62 59483 
To CE 7.30059 0.862258? 


A gain, 
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AD 
, 
* * 
| ; | * * fy "% 8 
| P * Y, 
wad F 7 
* 0 , f 
; 5 : £ : 
— . 3 
of - 2 
| Wk ; : 
Fg BY 12 G 7 
C : B 
E 8 
A 
Again, 
As s. CEB 136? 0.1582287 
rech 12 | 1.0791812 
So iss. ECB 19? 9. -5126419 
i To EB 5.62408 : 0.7500518 


Next find the three Angles of the Triangle ABC 
| (as in Page 42) thus. 
N For the Angle ABC 


L FAR | 1.6 
| Sides? g 5.6 Differences. 
b 7.2 | 6.4 


—_— > I I — ——_ 


Sum 27.2 


— — — — — 
* 


alf 12.0 
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The half Sum x 3.6 * Ar. Com. 8.866461 1 

The Diff, of the h 
Sum and AC Jar. Com. g. 1938200 
The Difference of the half (AB 0.748 1880 
Sum and CB o. 204 1200 


The Sum 19. 0125891 


Tangent of 17 9847 190% 9. 5062945 
"> 92 ABC = 34 38 
<1; 12 Subtr. 2 1 oo OO EBC 


Rem. 10 34 38 ABE 


Again for the Angle ACB. 
The half Sum 13.6 Ar. Com. 8.8664611 


The 3 14 2 Ar. Com. 9.2618 120 


The Difference of the half Sum and 10a 0.806800 


The Sum 19 228575 


Half Sum 9. 1.664286; 
Which af Sum is the t. of 202 08! 130 


Which double is the ZAcB 43 16 26 
Subtr. 19 o oo 


. 21 16 1 = ACE 
Then in 15 a AEB find the / 's AEB and EAB 


(by Caſe 3. Cha 
The Side aB * 


The Side EB=5. 62408 


The Sum = 13.6240 


The Differ. = 2.37 92 | Ti 


31 
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The ABE = 100 34/38“ 


The Compl. 169 25 "2 


The half = 7 84 42 41=;AEB+EAB 
As the Sum of the Sides 13.62408 Ar. Com.8.8656925 


To their Difference 2.37562 0.375831 

So is the t. of half the Sum of the 1 
| oppol./_*s 84 42! 41's 12.0335455 

To OO their c 62 02 26 10.2750703 


The Sum 146 45 O AEB 


The Diff. 22 40 15=EAB 
From 104 08 56 T CAB 
Sub. 22 40 15 E AB 


Rem. 81 28 41 CAE 


Then, 
As the s. of the . ADC 252? oo! Ar. Com. o. 37405 17 
Is to the Side AC 7.2 : 0.8573325 


So is the s. of the DAC 81 28041“ | 9.9951784 


To the Side CD 16.848 55 1.2265626 
Again in the a ADB. 


As the s. of the / ADB 192 oO Ar. Com. 0.4873581 
Is to the fide AB 8 0.9030900 


So is the s. of the / DAB 220400 13“ 9.585927 


To the Side BD 9.471109 0.9764008 
Ada} $2” a0 16" =DAR-.. | 
. 19 00 OO ADB 


Sum 41 40 15 


Compl. 138 19 45 ABD 1 
en 
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Wt - * 
As the s. of the / ADB 169 oo 0.487358x 
Is to the Side AB 8 0.9030900 
So is the s. of the / ABD 138919 45“ 9.8227238 
To the Side AD 16, 33698 12741719 
Hence 


the Ship at D to the Port A is 16. 33698 


The Diſtance from Ito the Port B is 9.471 5986 9 
to the Port C is 16.8485 92 


This Problem may be varied, ſo that the Port, or 
Angle A, may be turn'd towards D, as in the 
following Scheme, 


Let the Sides of 
the Triangle ABC, 


| D, be the ſame as 
f 1 vo before; and let the 
| 4 1 Diſtances DC, DA, 
\ 


The Triangle ECB 
will be the ſame as 
before, and conle- 
quently the Sides 
CE and EB will 
be the ſame. Alſo 


* the Angles of the 

8 given Triangle ABC 

de will ſappoſe to be found; the next thing to be 

tound will be the Angles AEB and EAB in the Tri- 
angle ABE. | 

he Angle ABE is known, it being the Sum of the 

| CWO 


and the Angles at 


and DB be required. 


a, -o-©Þn „ 
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two Angles ABC, 359 34! 28”, and CBE (S CDE) 

© 259 O0 viz. 609 34) 380% The Side AB=8 

| —— The Side EBS 5. 62408 
Compl. 119 23 22 - — 


=. 


The Sum I 3.62408 


The half 59 42 41 - 
The Differ. 2.37592 


Then, As the Sum of the 

Sides: 12.62408 C Ar. Com. 8.8656933 

Is to the Diff. of the Sides 2.37592 0.3758318 
So is the t. of half the Sum ot the op- 

poſite Cs 390 42! 41 10. 2335230 


—ͤ— —„ — Ou. 


To the t. of half their Differ. 16 37/27! 9.475049 


Which being added to 5399 42 41”. the Sum will be 
262 20 08“ for the Angle AEB; and ſubtracted from 
9 42! 41", the remainder is 430 5! 14! for the Angle 
FAB, whoſe Complement to 180 is 136® 54 46”, the 
Angle BAD; to which add ADB 199, and the Sum is 
| 1552 54/ 46", whoſe Complement to 180 is 24® 5! 14 
the Angle ABD. And if EAB 43? 5! 14” be ſubtrac- 
ted from CAB 104 08 56%, there will remain 619 
| o2' 42/' for the Angle EAC, whoſe Complement to 180 
is 1189 56! 18! for the Angle CAD. Now having all 
theſe Angles, you may find the Sides DC, DA, and 
DB, as followeth. + 
; In the & ADB. 


As the s. ADB 19 oof Ar. Com. o. 4873581 
Is to the Side AB 8 O. 9030900 
So is the s. BAD 136 54! 46“ 

(or its Com. 43® 5' 14) 5 9.8 344912 
To the Side BD 16,7857 1.22493 3 


Again, 
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Again, 
As the s. C ADB 19 O Ar. Com. o. 4873381 
Is to the Side AB 8 3.90 30900 


So is the s. of the / ABD 24® 051 14“ 9.610792 


To the Side DA 10.0286 1.00 12433 


In the a ACD. | 
As the s. CAD C 252 000 Ar. Com. o. 3740917 


Is to the Side AC 7.2 -- © 08573325 
So is the s. of the . CAD 118% 56/1 my 8 
(or 619 ũ 03 42”) 6 9.94207 80 


— n 


— 
* — 


To the Side DC 14.095 I.17 34622 


= Thus have you the three Diſtances DB 16. 783), 
Y DA 10.0286, and DC 14-9095. 


—— — 


The DocrRINE of 
Spherical Triangles. 


lt. 


CHAP. 


Of ſuch Aſfections, Definitions, and Theorems, as are 
moſt neceſſary for the right Underſtanding of the 
Nature and Dimenfions of Spherical Triangles. 


1. . [* HE three Sides of every Spherical Triangle 
| are the Arches of three great Circles of the 
Sphere, every one of them being leſs than a Semi-cit- 
cle, or conſiſting of fewer Degrees than 180, which 1 
the Meaſure of a Semi-circle (by 8 Def. of — 
pes X 7 2. 8 
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2. A great Circle of the Sphere is i. *h a one as di- 
| yideth the whole Sphere or Globe into two equal Parts 
or Hemiſpheres, and fo is every where diſtant from the 
| Poles thereof go degrees. 

3. If one great Circle of the Sphere do paſs through 
the Poles of another great Circle, thoſe two great Cir- 
cles interſect each other at Right Angles; and the con- 
trary. | 

. 10 The Meaſure of a Spherical Angle is the Arch of 
| 2 great Circle deſcribed from the Angle, and intercep- 
ted between the two Sides, they being continued out 
till they be Quadrants. 


| In the Spherical Triangle ABC (in the following 
| Scheme) the meaſure of the Spherical Angle at A. is 
not the Arch BC, but the Arch ED intercepted be- 


” 


| tween the two Sides AB and AC, continued till they 

be Quadrants, | B 

that is, to the A ——==— 

Points D and DD 
E, becauſe the . 
Arch BC is noet 
_ deſcribed up- 

on the angular 

1 point A, but P 

the Arch ED 

is ; therefore 

the Arch BC 

feannot be the 

meaſure of the 2 

Angle A, (ſee 

Def. 4. Ch. 1.) 
5. The Sides EY 

bf a Spherical Triangle being continued till they meet 

together, do make two Semi-circles, and at their in- 


terſection do comprehend an Angle equal and oppoſite 
0 the firſt Anke.” | HATES re 


R 


5 


Thyp 
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Thus in the Triangle ABC, the Sides AB and BC 
being continued til! they meet in Q, do thereby con. 
ſtitute the other Triangle ACQ, which may be called 
ſupplemental to the Triangle ABC; for not only the 
Angle at Q is equal co its oppoſite at B, but alſo the 


( 
other Sides and Angles are Complements of the Side WM | 
and Angles in the given Jriangle ABC: for the Side M8 . 
CO is the Complement of CB to a Semicircle ; and MF 
the Angle ACQ 1s the Complement of ACB to a Sc 
micircle, and fo of the reſt, (ſee Def. 16. Chap. 1.) 2 

6. The Sides of a Spherical Triangle may be changed f 
into Anglcs, and the contrary; the Complement d 4 
the greateſt Side or greateſt Angle to a Semi-circe Wh at 
being taken for the greateſt Side or greateſt Angle. 1 

As in the Triangle ABC, obtuſe angled at B, kW 
DE be the meafure of the Angle at A, and let FGE © 
the meaſure of the acute Angle at B, (being the Com 
plement of the obtuſe Angle at B) and let HI be te ac 
meaſure of the Angle at C. Now. an 

KL) [DE) KD) LEW 4 
LM ę is equalto4 FG becauſe LG > and FM 

KM 7] EF in MH) wi 

| LV dr: 

are Quadrants, and the common Complement is ö LI of | 

Ohh i 

therefore the ſides of the Triangle KLM are equal 8 obt 

the Angles of the Triangle ABC, taking for . ob: 

greateſt Angle ABC, the Complement thereof FBG. WM thir 

It may alſo be demonſtrated, That the Sides of in t! 
Triangle ABC are equal to the Angles of the Tria ing 
&L-M (by the Converſe of the former.) For rea 

AB OP the meaſure c MU 12 
The Side3 BC is equal to (FH boi the An- 1 rical 
AC l Jgle DA dran, 

which is the Complement of of the Angle MAL WW oil 
For that AD CI . are Quadrants, and right 
| APE and OB C their common Com. the f 

BF CH } plement 1s 1 


Ther 


— — — 1 
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| Therefore the Sides may he turn'd into Angles, and 
| the contrary ; which was to be proved. 
F. A right 
15 angled ſpheri- 
5 cal Triangle 
E hath one right 
Angle, or more 
than one. 

S 8. In the Fi- 
gure annexed, 
fſuppoſing the 
Angles BAC, 

and BDC to be right Angles; 


| The Tri- ebe e the One right and two acute. 


. 020 —_—_— 


— ü * k 
ww — —— 2 — —Uä—ͤf˙ . - 


| | BDC 3 Two obtuſe and one right. 
1 CDE NHS | One obtuſe and two right. 


9. A right angled ſpherical Triangle, with two 
acute Angles, hath from the right Angle, a right 
8 angled Triangle oppoſite thereunto, with two obtuſe 
Angles ; as the Tnangles ABC and BDC. 
| 10. The Sides of a right angled ſpherical Triangle, 
with two acute Angles, are all of them leſs than Qua- 
| drants ; as in the Triangle ABC, the Sides are eac 
of them leſs than Quadrants. | 
11. In a right angled ſpherical Triangle with two 
| obtuſe Angles, the Sides that are oppoſite to the two 
| obtuſe Angles, are greater than Quadrants ; but the 4 
third Side that ſubtends the right Angle is leſs. As 
in the Triangle BDC, the ſides BD and CD ſuktend- 
ing the obtuſe Angles at B and C, are each of them 
greater than Quadrants, but the ſide BC is leſſer. 
12. The Sides ſubtending the right Angles of a ſphe- 
ical Triangle having divers right Angles, are Qua- 
drants: As in the Triangle AEG, it the two great 
WW Circles AE and AG, do cut the great Circle EG ar 
abt Angles in the Points E and G, A is the Pole of 
Al the great Circle FG, (by the 3d hereof) and AE and 
are Quadrants (by the 24 hereot) bur if the Angle 
ner F A 


nP 
Tha 
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A be alſo a right Angle, then EG is alſo a Quadrant 


leſs than a Quadrant; but if obtuſe, then it is greater 


(by the 12. of Chap. 1.) 
13. If the third Angle of a ſpherical Triangle, 
having two right Angles, be acute, the third ſide i; 


than a Quadrant. 

14. An oblique angled Triangle conſiſteth ſimply 
of acute or obtuſe Angles, or of both. 

15. A ſpherical Triangle, with two obtuſe Angles 
and one acute, is oppoſite to a ſpherical Triangle ſim. 
ply acute angled, & contra. 

As, if the. Angles at A and D be ſuppoſed acute, 
then the Triangle BDC with two obtuſe Angles at 
B and C, and one acute at D, is oppoſite to the ſim: 
ply acute angled Triangle ABC. 

16. A ſpherical Triangle with two acute Angles and 
one obtuſe, is oppoſite to a ſpherical Triangle ſimply 
obtule, & contra As, if the Angle at A and Dbe 
ſuppoſed obtuſe, then the Triangle ABC, with two 
acute Angles at B and C, and one obtuſe at A, is op- 
polite to the ſimply obtuſe angled Triangle BDC. 

17. The three Angles of every ſpherical Triangk 
are greater than wo right Angles. 

This is manifeft in ſpherical Triangles having more 
right, or obtuſe Angles than one. But in acute angle 
Triangles, it may be thus demonſtrated : 


— + $5 


=> 00 
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In the right angled ſpherical Triangle ABC, right 
angled at C, and acute angled at A and B, 
BAC) S CEF 
The meaſure of } ABC 
the acute Angle} or 
DBE. 


But the Arches EF and ED together are equal to 
a Quadrant ; therefore the Arches FE and GI added 
together, are more than a Quadrant; and conſequently 
the Angles anſwering to theſe Archesz namely the An- 
gles BAC and ABC together, are more thap a Quadrant, 
But the Angle ACB is a right Angle, th&efore the three 
Angles together are greater than two right Angles, 


GT OY the 4th hereof. 


yo1Y ay1 s 


Again, in the Acute angled ſpherical Triangle 
KLM, | 
The Meaſure KLM NO 
of the acute MKL Tis the Archg VX 
Angle {LMK\ CR 


But theſe three Arches NO, VX, and QR, together, 
are more than two Quadrants. For PQ and PV (be- 
ing the Complements of the two Arches QR and 

L Fs -- VX) 


22 — 


and then I ſhall lay down the univerſal Propoſition of 
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VX) added together are leſs than the Arch NO, the 
Meaſure of the third Angle ; conſequently the three 
Arches, which are the Meaſures of the three Angles, 
are more than two Quadrants, 

Thus having ſet down the moſt principal Defini- 
tions, and Aﬀections of ſpherical Triangles, I ſhall 
give the uſual Axioms, with their Demonſtrations ; 


the Honourable the Lord Neper, by which all the 
Caſes of right angled Triangles, and the firſt ten Ca- 
ſes in oblique angled Triangles are ſolved. 


CHAP. Vu. 


| c 
Of the four Fung, al Axioms, for the Sci | 
tion of ſpera&tt : e es; with their Demon- 


ftrations, 


N right angle erical Triangles, having the 
ſame acute Angles at the Baſe ; the Sines of the 
Hypothenulſes, and of the Perpendiculars, are pro- 
portional one to the other, & contra. 
If the Quadrant of a 
Circle CBEG be inclin- 
ed to another Quadrant 


CADG, and two other 2 
perpendicular Que: hi 
Grants cut both of them, ny 
viz. FBAG and FEDG, #7 
and the latter cuts them 4 
in their Extremities in T 
D and E: having let fall 10 
Perpendiculars from o 
the common Secti- F th 
ons F and B, through the Planes of the Perpend- L, 


cular 
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cular Quadrants, and the inclined Quadrant, (viz. on 
the one fide EG and BH, as right Sines of the Seg- 
ments EC and BC; on the other EI and BK, as right 
Sines of the Segments ED and BA) you'll have two 
Triangles EIG and BKH, right angled at I and K, 
equiangular at G and H (by reaſon of the ſame in- 
clination of the Plane CBEGC) and conſequently ſi- 
milar. 

But theſe things will be much more natural if you 
cut four Quadrants of fine Paſt- board, (as I have done 
for my own Satisfaction and others.) You may ſtrike 
a Circle, and divide it into four Quadrants, by draw- 
ing two Diameters at right Angles to each other, and 
| cutting the Strokes half thro' : But cut two of them 
quite aſunder, that is, cut one Stroke from the Center 
quite thro? z cut in each of thoſe two a Slit, that is, 
Slit one of them about half way from the Center to- 
wards the Limb; the other Slit half way from the 
Limb towards the Center; then put them one over 
the other, and turn it up, one of the whole Qua- 
irants at right Angles to the other, and the other 
wo Quadrants at right Angles to the Planes of the 
Quadrants they fall upon, (as near as you can gueſs) 
and faſten them with Glew or Shoemaker's Paſte. So 
ſhall you have a ſpherical Triangle ABC in this 
Paſt-board Inſtrument) in its natural Order, with the 
omplements of the Sides; and you may eaſily draw 
ines within it, to repreſent the Sines of the Sides; 
which being drawn, you will find the Sines of the Hy- 
dothenuſes and Perpendiculars, with the Lines IG, 
nd KH, to form the ſimilar Triangles EGI and BHK 
bove-mentioned. _ © © | | 
The two Tangent Lines DM and AL will be only 
$"aginary Lines raiſed from the bottom edges of the 
o Perpendicular Quadrants, which with the Sines 
| the Baſes DG, (or Radius) and AH, and the Lines 
Land GM drawn from the Extremities of the Sines 
| the Baſesat H and G, and by the Extremities of the 


1 Hypo- 
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Hypothenuſes of the ſpherical Triangles at B and E, 
and imagined to be extended to L and M above, 
where the Tangents meet with them; theſe Lines ſo 
drawn, or imagined to be drawn, will form two other 
ſimilar Triangles repreſented in the Scheme by AHL 
and DG M. 

There are in this Figure conſtituted by the ſeverz] 
Circles two ſpherical Triangles ABC, and CDE, which 
at this Time we ſhall principally make uſe of; in 
which, 


Hypothenu- EC& BC EG& BI 
ſes are and the 
The 3 Perpendicu- DE & AB Y Sines the } EL&BK 
lars are right Lines 


Baſes are DC& AC 


Now the Angle ACB at the Baſe is common to both 
Triangles ; and the Triangles made by the Sines of the 
Hypothenuſes and Perpendiculars being equiangular, 
the Sides about the equal Angles will be proportional 
(by Eucl. Lib. 6. Pr. 4.) That is, 

EG: EI:: BH: BK. Or, EI: EG:: BK: BH. 

But EG being the Sine of the Hypothenuſe EG 
and El the Sine of the Perpendicular ED, in the ſpbe: 
rical Triangle EDC, right angled at D; and BH »iM 
the Sine of the Hypothenuſe BC; and BK the Sined 
the Perpendicular BA, in the Triangle ABC, rigit 
angled at A: Therefore the Sines of the Hypothenuſa 
and of the Perpendiculars are proportional; whict 
was to be demonſtrated. 


AXIOM u. 


In right angled ſpherical Triangles, having ti 
lame acute Angles at the Baſe ; the Sines of the Balez 
and the Tangents of the Perpendiculars, are propdr 
tional, & contra, N 


I; 


— 4 
ee Abe — — Ft . - AY 2 
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In the two Triangles DGM and AHL, in the for- 
mer Diagram, DG being the Sine of the Baſe DC 
of the ſpherical Triangle EDC, AH is the Sine 
of the Baſe AC of the ſpherical Triangle ABC, and 
the ſame ſpherical Triangles ; (but this will more 
plainly appear by the Paſt-board Inſtrument, as it is 
above explained.) Now theſe Triangles being equian- 
8 gular, the Sides will be proportional to each other; 
that is, | 


| DG: DM:: AH: AL Or, DM: DG:: AL: AH. 


= But DG and AH are Sines of the Baſes of the ſphe- 
& rical Triangles EDC, and ABC; and DM and AL 
W arc Tangents of the ſame ſpherical Triangles. There- 
fore the Sines of the Baſes, and Tangents of the Per- 
b 1 are proportional, and the contrary, which 
vas, Sc. | 


AXIOM III. 


In all ſpherical Triangles, the Sines of their Sides 
are directly proportional to the Sines of their oppoſite 
Angles, & contra. 
Let ABC by a ſpherical Triangle right angled at 
IC; and let the Sides thereof be continued till they 
nake the Quadrants AE, AF, and CD. Alfo from 
che Pole of the Quadrant AF, viz. from D, let there be 
wo other Quadrants drawn to H and F; fo ſhall 
there be three new Triangles, BDE and GDE 
Wight angled,. and BDG oblique angled. Now I ſay, 
In the right angled ſpherical Triangle ABC, 


F4 ACB 


— — — — = 
= = * = = "a 
*. 7 * "md — 3 - - 
a iter Sen Ss 
— — = N 9 


the Angle 


AcB : AB:: BAC: BC. Or, AE: AB:: EF: BC. 


ACB: AB:: ABC: AC, and fo is BAC: to BC. 


becauſe (by the Demonſtration of Right angled a- 
bove) | 
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O A B 1 
{| 
Es; 


ACB: AB:: ABC: AC 
Or, ACB: ABC: AB: AC, Tc. 


Likewiſe, in the Oblique angled ſpherical Triangle 
BDG, I ſay, 


BDG: BG : : BGD : BD and ſo is DBG: DG, &@: 
Firſt, As to the Right-angled Triangle ABC, 


Wherein ACBY and the g AE or ND, are of the 
BAC Cmeaſure)J EF (ſame quanti- 
ABC | thercof Jer 15 by the 4th 

of Chap. 6. 


Now, it is all one if I ſay, 


Axiom 1. 
In like manner, it is all one if I ſay, 
ACB: AB:: ABC: AC. Or, OB: AB:: OP: AC, 
Axiom 1. 


But by the Rules already demonſtrated, 


Therefore, 
As the Sine of ABC: AC :: the Sine of BAC: BC. 
Secondly, As to the Oblique angled Triangle BDG, 


BD 
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BD: DEB :: DE: DBE. And, DG: DEG:: DE 
DGE. A 
Alſo, 
DG: DB:: DBE (or DBG): DGB, Sc. 
And if from B, a Perpendicular be let fall to S; 
0 Becauſe then, 
BD : BSD :: BS: BDS. And, 
BG : BSG :: BS : BGS, or to BGD. 
| Therfore alſo, 


BG: BD : : BDS (or BDG) : DGB, Sc. 


For if thus, 


4 12 I C3 And 
As42Sto $12 C80 is 4 14 to 26 Then 
2 4 3 6 Which was to be 
demonſtrated. 


AXIOM Iv. 


This Axiom is made uſe of in reſolving the XI. and 
II. Caſes of Oblique angled ſpherical Triangles, 
here three Sides are given to find an Angle, or three 
angles to find a Side. And is thus, 

As the Rectangle of the Sines of the Sides compre- 
ending the required Angle, is to the Square of Ra- 
lus ; ſo is the Rectangle of the Sines of the half Sum, 
ind half difference of the Baſe, and difference of the 

egs, or Sides comprehending the Angle required, to 
ne Square of the Sine of half the Angle required. 

Before I proceed to the Demonſtration, I will lay 
0Wn the following Lemma, to facilitate the Work. 


LEMM A. 


The verſed Sines of two Arches given, the right 
nes of the half Sum and half difference of thoſe 
ches are mean proportionals between the whole 
ne, and half the difference of the verſed Sines. 


Let 
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P Let the given Arches be 
LA PE and PC, and their verſed 
Sines PB, and PV, their dif. 
y ference is BV; the Sum of 
the given Arches EPC, . and 
their difference CY. Alb 
let the Sine of the half Sum 
4 be EO, or OC, and the Sine 
—_ of half the difference CK: J 
ſay, that OE and CK are mean Proportionals between 
XE and CL. For the Angles EXO, CYE, and 
CKL are equal, (by Eucl. Lib. 3. Prop. 20.) and the 
Angles at O and L are right. Therefore the Tri- 
angles XEO, KCL. are alike, and XE: EO :: KC 
: CL. Which was, Cc. 


urns „e, 


a POR 
„ 8s 
979 42585 
ieg 


CONSECTARY, 


Tf the Triangle ECY is inſcribed in a Circle, and 
from any Angle, as ECY, the Perpendicular do fall on 
the oppoſite tide EY, the half of the Legs OC, CK, 
are mean proportionals between half the Perpendicular 
CL, and Semidiameter of the Circle XE : therefore 
the Rectangles of OC, CK, and XE, CL are equal. 


Let 
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Let the Sides of the Triangle Z PS be known, and 
the Angle required be SZ P; then ſhall ZS the one 
Side be "equal to ZC; and PC will be the Difference 
of the Sides. In like manner ſhall: the Baſe PS be e- 
qual to PT, or PE ; and CE he Sum of the Baſe 
and of the Difference of the Sides ; and CY the Dit- 
ference of them. All theſe things are known. More- 
over draw PV, the Sine of the Side PZ, and CI is the 
Sine of the other Side 28, let it be continued to S. 
In like manner let CT be drawn Perpendicular to the 
right Line EY; and OK biſſecting the right Lines 
EC, SC, 45 and CY. Laſtly, let the Arch ND be 
the meaſure of the Angle ſought PZS, and the right 
Line MN Perpendicular to the right Line GH, biſſect 
the Lines HD and HG. I ſay then, 

As the Rectangle Figure of the Sines of the Sides 
EV, EI. 

To the Square of the Radius PX; 

So is the Rectangle Figure of the Sides of the half 
Sum, and halt Difference of the Baſe, and of the 


Difference of the Sides OC, CK, To 


—— 125 En 
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To the Square of the Sine of half the requir'd An- 


gle HM. 


For the Tangles, XPV, X AI, SAB, and SCT, are 
Equiangular, becauſe the Lines PX, and CT, and alſo 
CI, and PV are Parallels; therefore the Angles SAB, 
SCT, IAX, and VPX are equal; and the Angles V, 
I, B& T, are Right: and therefore it will be, 


From Similar as 
And alſo | 


I'X2 | 


2. firſt part cs | 
4. firſt part 


5. iſt part x HX 


But 


therefore, 3, 6, 7. 


BY 


| 2 


3 


4 | 
g 5 CL: HN: : PVxCI: PXq. 


T:: . 
CS: HG: CI: HX. 
CTxCS: CSX HG:: PVx CI: 
ÞPXxHX. 
CT: HG :: PVxCI :PXq. 


CL: HN :: CLxHX : HNx 
HX—=HMq. 

| CLx HX=OCxCK, by the 
Lenima above. 

PV x Ci: FXq :: OCxCK.: 
| HMq. 


Which was tobe demonſtrated, 


This 
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bis Axiom may be otherwife demonſtrated, thus. 
The Sides of the Triangle DBQ being known, let 
che Angle B be required; the Triangles LOK, and 
| CQE are like, becauſe their correſpondent Sides are 
parallel; the Angle Q 1s equal to GE, or the Side 
Dh; the Angle K is equal to E, which is equal to half 
Lobe, the Baſe and Difference of the Sides; KL is 
equal to the Baſe, leſs by LD the Difference of the 
Sides; KBE is the Sum of the Baſe and Sides; CE is 
the Difference between the Baſe DQ, and the Sum 
of the Sides DE; the Angle KCE is equal to half 
the Complement of KDE the Sum of the three Sides, 
and therefore the Sine of KCE is alſo the Sine of the 
half Sum of the three Sides KD, DB, and BE; and 
OA is the verſed Sine of the Angle B, and Q the 
verſed Sine of the ſame Arch in a leſſer Circle; Oz is 
the verſed Sine of the Complement of B, and QE the 
verſed Sine of the like Complement : And ER is 
equal to the Sine of half B; and IHz is equal to the 
Koſine of half B. Firſt in the Triangle QLK ; 


By 


78 Spherical 7 em Part 1, 
By plain Trigon. | 1 | s. A C4 +KL: + QL 
From 1ſt and) 
2d, by mult, | | 
extremes and | 
means, and re- 8 3 SVL. sK TKL: A: AN 
ducing them 

to Proportion, | 


By mult. the) | | $Q+VL: KKL: : Aq. 
latter Part of - 4 XN TAE 
3d by AZ, | | 


By Simil. s 5 RE: ER: : AR: AN 
5 — 6 | AE4ZN=ZRq 

From 4th 6thd 7 | VL: KKL. Aﬀq; 
: 


| ERq. Therefore, 


As the Rectangle of the Sine of BD in VL (the 
pra of BQ ) the Sides comprehending the An- 
gle B, 

To the Square of AZ Radius; 

So is the Rectangle under the Sine of LC, th: 
Sum of the Baſe and Difference of the Sides, and 
the Sine of KL, the Difference of the Baſe an 
Difference of the Sides, F 

To the Square of ER the Sine of half B, the Au. 
gle required. 4 


Another Variety may be thus, 


As the Rectangle under the Sines of the Sides con: 
prehending the Angle required, 

To the Square of Radius; 

So is the Rectangle made of the Sine of the half Sur 
of the three Sides, and the Sine of half the Di 
ference of the Baſe and the other Sides, ; 

To the Square of the Coline of halt the requires Wi 
Angle. i 


4 
4 
A 


a. Y 


m: 


un 
Dil: 


irc 


un the a QCE 


= by mult. ex- 
tremes 
redu. to pro- 


and 


| 


* 
— commer 
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g | 55 5C: vers, ** 
From i and 2, 


| 
| $Q+VE : s CIT CE: :Az: zF 


2 8 1 

By mulſt. the 

latter part of þ | | ee cr Azq : 
3, by Az, 4 

From ſimil. g Ax: æH:: H: æF 

1 6 AR Hr PII 

5 | |sQ+VE: CA CE :: Azq: 
I "4 : 7 | #Hq. That is, 


As the Rectangle of the Sines of the 8 
ing Sides, s and VE, 


To the Square of Radius Aæ; 


So is the Rectangle of the Sines of the half Sum of 
the 3 Sides KCE, and half Difference of the Baſe 
and other Sides + CE, 

To the Square of æ H, the Coſine of half the Angle 
B required. 


| 


This Axiom may be otherwiſe varied, thus. 


As the Rectangle of the half Sum of the three 
Sides, and Sine of the Difference of the Baſe and 
half Sum of the Sides, 

To the Square of Radius; 

So is the Rectangle made of the Sine of the half Sum 
of the Baſe and Difference of the Sides, and Sine 
of the Difference of the Baſe and Difference of 


the Sides, 


required. 


To the Square of the Tangent of half the Angle 


That 


Spherical Trigonometry. Part 1, 


That is, 
The 2d Sq. 
| 1 the 7 {te P 
Page 79. 
By the 7 ſtep 
Page 78. 
From 4,5 


From 2, 6 


And alſo 


; 


y 


I 
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8 


Co- ſine: Sine :: Radius: Tan. 
gent. 
I ER :: A: 4B 
1 Iq: ER: : Azq : t + Bq. 


 $Q+VE:$C+:CE:: Aæq- It 


SQ+VL:sK+:;KL::AFq: Ra 


$C++ CE : K KL:: zHq: 
ARq. 

SCT CE: sK E KL :: Azq 
tz Bq. 


| 


$K+:KL:5C+CE:: Azq: ct;Bq 


Hence it is, 


As the Rectangle of the Sines of the halt Sum of the 
three Sides, and of the Difference of the Baſe and 
half Sum of the Sides, 

To the Square of Radius; 

So is the Rectangle made of the Sines of the half 
Sum of the Bale and Difference of the Sides, and 
the Difference of the Baſe and Difference of the 


Sides, 


To the Square of the Tangent of half the Angle 


lought. 


Or it may be otherwiſe expreſſed, thus. 


As the Rectangle of the Sine of Gs half Sum of the 
three Sides, and Sine of the Difference of rhe Baſe 


and halt Sum, 


To the Square of Radius ; 

So is the Rectangle made of the sige of the Diff. 
rence of each containing Side and half Sum, 

To the Square of the Tangent of half the Angle ft. 


quired. 


Which is in effect the ſame as the former. 


Thus 


of 
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Thus have I ſufficiently explained and demonſtrated 
the Four Axioms, by which all the Caſes in Spherical 
Triangles may be ſolved ; yet 1 ſhall recommend to 
you one univerſal Propoſition, by which alone all the 
Caſes (except when all the Sides are given to find an 
Angle, or the Angles given to find a Side) are ſolved ; 
and which is as followeth. | 


The Univerſal Propoſition, or Axiom, firſt invented 
by the Right Honourable John Lord Neper, 
Baron of Merchiſton in Scotland. 


R 


i a rectangled Spherical Triangle, there are (be- 
ſides the right Angle) five other Parts; whereof 
thoſe three which are more remote from the right 
Angle, Lord Neper changed into their Complements. 

As in this Triangle ABC, 
right angled at A; for the three 
remote Parts, to wit, the Angles 
Band C, and the Side BC, he 
takes their Complements ; theſe 
| three Complements, with the 
Sides AB and AC, do make five 
Parts, which he calleth Circular. 


Side AB 
the | Side AC 
e z. the Complement of the Angle at B 
Complement of the Angle at C 
{Complement of the Side BC. 


But the right Angie at A is ſet aſide from being any 
| of the circular Parts. 


G SECT 
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SECT I 


Now in the reſolution of a rectangled ſpherical Tri. 
angle there are two other Terms given (beſides the 
right Angle) to find out a third. 


SEC EF, II. 


Theſe three Terms (namely the two that are given, 
and the third which is required) muſt be firſt looked 
upon according to their circular Parts. 


SEC T. 


Of which one is named the middle (or mean) Part; 
the other two are called the extreme Parts; borroy- 
ing the Appellation from the ſituation of the Terms 


themſelves : for, of three Terms, one muſt neceſſarily 


be in the middle, and the other two in the extremes; 
therefore the circular Part of the middle Term, hö * 
called the middle Part; and the circular Parts of the IM + 
extreme Terms, are called the extreme Parts. : 


S ECT. V. 
But the extreme Parts may be twofold, either Con 
junct, or Disjunct: For thoſe three Terms (beſide 
the right Angle) do come in queftion according as th 
two Extremes are from either Part immediately joined WW * 
to a third Mean, or disjoined from the ſame by! 
Side or Angle interpoſed on both ſides ; ſo are ther i . 
circular Parts named Extremes Conjunct, or E. . 
tremes Disjunct. | Iv 
SECT. v1. - 
But of thoſe three Terms which fall in queſtion, Bi an 
we will ſubje& all their varieties in their circulv ed 


Pat ls 
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Parts, according as every one of them ought (in re- 
ſpect of each other) to be called the middle Part, or 


the Extremes Conjunct or Disjunct; as in the follow- 
ing Analyſis or Table is fully demonſtrated. 


Side AB\ A » e Side AC & Com. B) 2 
| Side AC| > \SideAB & Com. C 8 2 
If they Compl. C 8 ySideAC&Com.BC p #-S> 
| Compl.B\= g | SideAB&Com.BC 5 
Com. BC A. Com. B& Comp. * « 
And 


Com. BC & Comp. C 
Cemp. BC & Com. B 
Side AB & Com. B 
Side AC & Com. C 
Side AB & Side AC ©. 


But here it is to be noted, that 
theSides AB and AC comprehend- 
ing the-right Angle A, are ſup- 
poſed to be joined together, be- 
cauſe the right Angle is not reck- 
oned amongſt the circular Parts. 


” © "SK CT; un. 


th Therefore in the Reſolution of a right angled ſphe- 
gel rical Triangle, to know the mean and extreme Parts, 
=" BL muſt obſerve, that, | 

1. If one of the three Terms (which beſides the 
right Angle, comes in queſtion) doth ſtand alone by 
it ſelf, ſevered from the other two on both Sides, (as 
the Side BC, from the Sides CA and BA, by the Angles 
| Band C interpoſed) that ſhall be the middle Term, 
and ſo its circular Part ſhall be called the middle Part; 
and the other two circular Parts are Extremes difſjoin- 


ed, But, 
G 2 2. It 
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2, It the three Terms do immediately adhere to- 
gether, the middle Term doth eaſily ſhew the middle 
On and the extreme Terms the extreme Parts Con- 
junct. 1 
Theſe things being all rightly underſtood, the whole 
Trigonometry of Sphericals will be reſolved by this 
one Propoſition, which therefore we call Catholick or 


Univerſal. 


The Univerſal Propoſition. 


The Sine of the middle Part, and Radius, are reci- 
procally proportional with the Tangents of the ex. 
treme Parts Conjunct, and with the Co-ſines (or 
Sines Complements) of the Extremes Disjunct. That 


is, 


As Radius | 

To the Tangent of one of the Extremes Conjunct; 

So is the Tangent of the other Extreme Conjunct, 

To the Sine of the middle Part; & contra. 

Then alſo, 

As Radius 3 

To the Co- ſine of one of the Extremes Diqqundt, 
So is the Co- ſine of the other Extreme Disjunct, 

To the Sine of the middle Part, & contra, 


Corollary. 


Wherefore, 1. If the middle Part be fought, the Ra- 
dius ſhall be in the firſt Place of the Proportion; but 
if one of the Extremes be ſought, then the other Ex. 
treme ſhall be in the firſt Place. Of the ſecond and 
third Places it mattereth nothing how they are dif 
poſed, Alſo, 12 pr 

2. If the Extremes in any Proportion be Disjund 


from the middle Part, the Proportion will 5 pp 
orm 
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formed by Sines only: But if the Extremes be Con- 
junct to the middle Part, it will be performed by Sines 


and Tangents jointly. 


Tho' a particular Demonſtration of this univerſal 
Propoſition may ſeem needleſs, becauſe where the Ex- 


tremes are Disjunct, the Proportion 
| from the common ones; and in the 
junct, where it is commonly ſaid, 
As Radius 

To the Tangent; 

Here we ſay, 

As the Co- tangent 

Is to Radius: 


differs nothing 
Extremes Con- 


And likewiſe inverſely and contrarily, which is 
plainly the ſame Thing ; becauſe the Radius is a mean 
proportional between the Tangent of an Arch, and- 
| the Tangent Complement of the ſame Arch : Yet for 
| the Benefit of the ingenious, I will give the following 


| Demonſtration. 


If ive great Circles of the Sphere be ſo ordered, 
that the firſt interſects the ſecond, the ſecond the third, 


| the third the fourth, the fourth the 


fifth, and the 
fifth the firſt, at 
right Angles ; 
the rightangled 
Triangles made 
by their Inter- 


ſections, do all 


conſiſt of the 
ſame circular 
Parts. 

Let G repre- 
ſent the Zenith, 


A the North 


Pole, and D the 
Sun being in the 
Horizon: Sothat 
IGB is an Arch 

O! 
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of the Meridian of the Place, BDF an Arch of the 
Horizon, FEC an Arch of the Circle deſcribed about 
the Sun, CAH an Arch of the Meridian of the Sun, 
HLI an Arch of the Equinoctial. Then do theſe five 
Arches retain the Conditions required. 

The firſt interſecting the ſecond in B ; the ſecond 
the third in F; the third the fourth in C; the fourth 
the fifth in H; and the fifth the firſt in I; and theſe 
Interſections at B, F, C, H, I, are at right Angles 
there J ſay the right angled Triangles made by the In- 
terſections of theſe Circles, namely ABD, DHL, 
LFE, EIG, and GCA, do conſiſt of the ſame circular 
Parts ; as here appeareth. 


The fave circular Parts in the 


ABD, are AB, BD, com. BDA, com. AD,com.DAB. 
DHL,arecom. HELD,com.LD,com.LDH,DH, HL. 
LFE, are com. ELF, LF, FE, com. FEL,com.EL 
EIG., are IG, com. IGE, com. GE, com. GET, El. 
GCA, are com. GA, com. AGC,GC,CA,com.CAG6. 


. Triangle 


Where you may obſerve, that to the Side AB in 
the firſt Triangle, is equal tne Complement HLD 
in the ſecond, or the Complement of ELF in the 
third, or IG in the Fourth, or the Complement 0 
GA in the fifth, c. The ſame uniformity of the cir- 
cular Parts is alſo apparent in quadranta] Triangles. 

As in the ſame Scheme G from D, D from E, E 
from A, A from L, and I. from G, are diſtant by 
Arches each equal to a Quadrant. Here are therefore 
nve quadrantal Triangles, as appears in the Scheme. 
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Of the five circular Parts in a ſpherical Triangle, 
right angled, or quadrantal. 


HE Sine of the middle Part with Radius, is 
equal to the Tangents of the Extremes adjacent, 
or to the Co- ſines of the Extremes disjunct. 


PART I. Touching the firſt part of this Axiom, 
in right angled Triangles ; the middle Part 1s either 
one of the Sides, or one of the oblique Angles, or the 
Hypothenuſe. 


CASE 1. Let the middle Part be a Side; as in 
the Triangle ABD, let AB be the middle Part, and 
E BD, and the Complement of A, the Extremes adja- 
cent: Then I ſay, that the Sine of AB the middle 
Part, with Radius, is equal to the Tangent of DB, 
with the Tangent of the Complement of DAB. 
© For (by Axiom 2. Page 70, 71.) as the Sine of AB is 
to Radius, ſo is the Tangent of DB to the Tangent 
of the Angle at A: Therefore alſo alternately, As 
the Sine of AB, to the Tangent of DB, ſo is Radius 
to the Tangent of A. | 
But Radius is a mean proportional between the 
| Tangent of an Arch and the Tangent Complement 
of the Arch. So then it is, As Radius is to the Tan- 
gent of A, ſo is the Tangent Complement of A to Ra- 
dius. Then it will be, As the Sine of AB to the 
| Tangent of DB, fo is the Tangent Complement of 
| Ato Radius. 


| CASE 2. Let the middle Part be an Angle, as in 

the Triangle DHL, let the Complement of HLD be 
the middle Part, and HL and Complement of LD the 
Extremes adjacent: Then I ſay, that the Sine Com- 
plement of HLD with Radius, is equal to the Tan- 
G 4 gent 
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gent of HL, with the Tangent of the Complement 


of ED. 


For the Complement of HLD is equal to AB, and 
the Complement of LD is DB; and HL is the Com- 
plement of DAB; and we proved before, that the 
Sine of AB with Radius, is equal to the Tangent df 
DB with the Co-tangent A: Therefore alſo the Co- 
fine of HLD with Radius, is equal to the Co-tangent 
of LD with the Tangent of HL. 


CASE 3. Let the middle Part be the Hypothe. 
nuſe, as in the Triangle GCA, let the Complement of 
AG bethe middle Part, and the Complement of AGC, 
and Complement of CAG, the Extremes adjacent. 

Then alſo I ſay, that the Co-ſine of AG with Radius 
is equal to the Co-tangent of AGC, with the Co-tan- 
gent of CAG. 

For we have before proved, that the Sine of AB 
with Radius is equal to the Tangent of DB with the 
Co-tangent of A; but the Complement of AG is 
equal to AB, and the Complement of AGC is equal 
to DB, and the Complement of CAG equal to the 
Complement of DAB, Therefore alſo the Co- ſine of 
AG with Radius, 1s equal to the Co-tangent of AGC, 
with the Co-tangent of CAG, 

Therefore in a right angled Triangle, the Sine of 
the middle Part with Radius, is equal to the Tangents 
of the Extremes adjacent. 


I ſay further, that, 


PART II. The Sine of the middle part with Ra- 
dius is equal to the Sines Complement of the oppoſite 
Extremes. | 

For here alſo the middle Part is either one of the 
Sides, or the Hypothenuſe, or ane of the oblique 
Angles, | ; 


CASE 


Chap. 7. Spherical Trigonometry. 89 


CASE. 1. Let the middle Part be a Side, as in the 
Triangle ABD, let DB be the middle Part, and the 
Complement of AD, and Complement of A, the Ex- 
tremes Disjunct. Then I ſay, that the Sine of BD 
with Radius, is equal to the Sine of AD with the 
dine A. | 

For (by Axiom 1. Page 68.) As the Sine of AD 
toRadius, ſo 1s the Sine of DB to the Sine of A ;there- 
fore, the Sine of DB with Radius, is equal to the 
Sine of AD with the Sine of A. 


CASE 2. Let the Hypothenuſe be the middle 
Part, as in the Triangle DHL ; let the Complement 
LD be the middle Part, and DH and HL, the Ex- 
tremes Disjunct: Then I ſay, that the Co- ſine of I. D 
W vith Radius, is equal to the Co-ſine of DH with the 
= Co-line of HL. | 
For the Complement of LD is equal to DB, and 
WDH equal to the Comp ment of AD, and HL equal 
W' the Complement of DAB: And it was proved be- 
fore, that the Sine of DB with Radius, is equal to 
the Sine of AD with the Sine of DAB. | 


| CASE 23. Let one of the oblique Angles be the 
middle Part, as in the Triangle EIG ; let the Com- 
plement of IGE be the middle Part: then I ſay, that 
tie Co-ſine of IGE, with Radius, is equal to the Sine 
GE with the Co- ſine of EI. For the Complement 
1E is equal to DB; and GET is equal to AD; 
ind EI is equal to the Complement of DAB. 
Therefore in a right angled Triangle, the Sines of 
he middle Part with Radius, are equal to the Sinzs 
ompleinent of the Extremes disjunct. Which was 
0 be demonſtrated. 
But here Note, That when a Complement in any 
[1oportion does chance to concur with a Complement 
in 
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in the circular Parts, you muſt always take the Sine 
it ſelf, or the Tangent it ſelf, inſtead of the Co- ſine 
or Co-tangent in the circular Parts; becauſe the Co- 
ſine of the Co-ſine, is the Sine; or the Co-tangent of 
the Co-tangent is the Tangent it ſelf. As in Caf 
the firſt, where DB is the middle Part, and the Com. 
plement of AD, and Complement of A, the Extreme; 
Disjunct; here becauſe the two Extremes fall upon 
Complements in the circular Parts, therefore it muſt 
be the Sine of AD, and the Sine of A, becauſe the 
_ Co-line of the Complement is the Sine, 


Having explained and demonſtrated the ſeveral + - 
Axioms, I ſhall next proceed to the Solution of the 

Sixteen Caſes of right angled Spherical Triangles 
both by Lord Neper's Univerſal Propoſition, and alſo 


by the three firſt Axioms, as followeth. E 
— — — 4 
CHAT. YH. i 

The Solution of the Sixteen Caſes of right angh 
Spherical Triangles. x 
77 
CASE. 1. a 
The Hypothenuſe AC, and the Angle A given, us 
find the oppoſite fide BC, the middle Part. Th. 


| Ss. AG: s. AC:: s. Db: 

8. BC. (by A. 1.) TM R 5 
is, As Radius: s. AC :: 8. A 7 
LC gle ( 


Which is agreeable to tit x 
univerſal Propoſition : for BL 44s 
being the middle Part, the Fre 33 


duct of the Extremes DisjunG: 
wil 
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vill be equal to the Product of Radius with the middel 


Part. : 
Let AC be 460 31', and the Angle A 402 oO then, 
As Radius 10. 
To the Sine of AC 462? 31“ | 9.860682 1 
So is the Sine of A 400 000 2m 80806 75 
To the Sine of BC 27948“ 9. 668 7496 


By Scale and Compaſſes. 
Extend the Compaſſes from the Sine of 90, to 460 

31% ; that extent will reach from 40? oo' to 272 48'in 
che Line of Sines. 
1 Upon ee Sliding Rule. 
Set 90 on SS, to 46931“ on S; then againſt 400 O0 
on SS, is 270 4 80 on S. 

The Side found will be leſs than a Quadrant, if the 
Angle oppolite thereto be acute, but greater if obtuſe. 


et 


» 


E 


Je Hypothenuſe AC, and the Angle 5 given, ft 
| find the Side afjacen BC, being an Extreme 
E's onjuntet, 


ss. EI: s. EF: t. 10 t. FII x i 
(by Ax. Fo hy 


[That is As Radius: 08. C::it AC ps 


| 
"hut But, by the univerſal Pr opoti- ZH 
A: tion, the Complement of the An- | 'G 


gle C is the middle Part, and the © 
the Complement of AC, and the Side A 
required BC, are Extremes Con- 
Pro unct ; therefore it will be, 
inc As ct. AC: Radius:: cs. C: t. BC. 


WII 
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Let AC (in the Triangle ABC) be 469 31', and C 
60 col. 


Then, As Radius to cs. C 609 oo. 9.698970 
So is t. AC 460 gu 10.02 3003 
To t. of BC 279 48/ a 9.72 1971 

By Scale and Compaſſes. 


Extend the Compaſſes in the Line of Sines from 90? 
to 302 (the Comp. of C.) that Extent will reach from 
460 31/ in the Line of Tangents, down to 27948. 
Here the Line of Tangents is ſuppos'd to be continu'd 
forwards beyond 4.52 ; but if the Line of Tangents ex. 
tend no further than 45®, and then numbered down: 
wards again, as moſt Lines of Tangents are, then 
that firſt Extent muſt be applied downwards from 45 
in the Line of Tangents, and the lower Leg of the 
Compaſſes kept there where it falls, till you pull in the 
other Leg to 46 31 numbred downwards from 45%, 
and that laſt Extent will reach from 45 to 27% 48 
the Side ſought, 


By the Sliding Rule. 


Set Radius on SS to 300 on 8, then againſt 45® on 
TT, obſerve what degree and minute on T ; then 
move T downwards, till the ſame Point ſtand againſt 
46? g1/ on TT; and then againſt 45 on TI you 
have 272 48/ on T. But this trouble and inconvent- 
ence may in ſome meaſure be removed, by having the 
Slider ſomewhat longer than they uſually are, and the 
Tangent Line continued to the end thereof ; for then 
you will have no more to do, but to ſet Radius ond 
i920” on SS, then againſt 460 31“ on Tis 27® 48/on 
The Side ſought will be leſs than a Quadrant, if the 
Hypothenuſe be leis than a Quadrant, and the given 
Angle acute ; or, if the Hypothenuſe be greater than 


a Qua- 


em 
* 
i 


9 5 1 r 3 "up 
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2 Quadrant, and the given Angle obtuſe : But it will 
be greater than a Quadrant, if the Hypothenuſe be 
© leſs than a Quadrant, and the given Angle obtuſe; or 
if the Hypothenuſe be greater than a Quadrant, and 
the given Angle acute, 


C A8 E II. 


Ile Hypothenuſe AC, and the Angle A given; to 
| find the other oblique Angle C, an Extreme Con- 
J junci . 


5- Ads CG: Cil::t HGL: 
IF (by Au. 2.) 

| That is, As cs. AC: Rad.: : 

F YO A : .. 

But by the univerſal Propo- 
ſition, the Comp. of AC is the 
middle Part, and the Comple- 
ment of A and C the Extremes 
Conjunct; therefore it will be, 
As ct. A: cs. AC:: Radius: 


— _ —_— 3 * 


—_— 


— 3 Ss = * 


ct. C. | | B . 
Let AC be 46 31“ (as before) and A 40 oo. 

} Then, as ct, A 40! oof 10.076186 
f To cs. AC 469 31' £ 9.837679 
i So is Radius 10. 

e — 

0 To ct. C 602 oO. 9.761493 
n | 8 

8 By Scale and Compaſſes. 


Extend the Compaſſes from 430 29/ (the Comp. of 
AC) to go! in the Line of Sines, that Extent will 
reach from 50? oo! (the Comp. of A) to 69 in the. 
nine of Tangents. 


: 1 
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By the Sliding Rule. 

Set 439? 29/ on S to 90 on SS, then againſt 500 0 
TT, is 60 on T. 

The Angle found will be acute, if the Hypothenuf: 
be leſs than a Quadrant, and the given Angle acute, 
or if the Hypothenuſe be greater than a Quadrant 
and the given Angle obtuſe; and the ſaid Angle vil 
be obtuſe, if the Hypothenuſe be leſs than a Quadrant 
and the given Angle obtuſe; or if the Hypothenuſ 


be 5 a Quadrant, and the Os Angles 
WS 


— 


IV. 


The H Rove: af AC, and the Side BC given; 
find the Angle A oppoſite to the Side given, an 
Extreme Diguntt, 


75 | (by Ax. By 


Fi As s. AC: s. AG:: s. BC: 5.D6 
6 That is, As s. AC: R: : 8. BC 


C, 8. A. 
oy 2 But by the univerſal Propoſ: 
a D tion, BC being the middle Par, 


and the Complements of 40 
and the Angle A Extremes Disjunct, therefore it wil 
be the ſame as before. 


Let AC be 46? 31 , and BC 272 48/; then, 


As s. AC 46? 31“ 9.8600! 
To the Radius | — 10. 
So is s. BC 279 48 9.6657; 


To s. A 40 oo! - 9.8000] 
ly 


f By Scale and Compaſ 7 
Extend the Compaſſes from 46? 31“ to Radius, or 
Ty in the Sines, that extent will reach from 2704807 


| to 400. 


By the Sliding Rule. 
Set 460 31“ on S to 90 on SS, then againſt 270 48 
on 8, is 409 00! on SS. 
| The Angle found will be acute, if the Side given be 
N w than a Quadrant ; obtule, if greater. 


— * 


, * Nom 5 NR AS. 4 . 
- — ———— — 


CASE: V. 


jn. Hypothenuſe AC, and the Side BC given; to 
ful 2 adjacent Angle C, the mi dale Part. 


1 t. IG: s. EIL :: t. FH: 8. EF F I 
. (Arx. 2.) 
That is, As t. AC: R:: t. BC: E 
. 

But by the univerſal Propo- 
ſition, the Complement of the 
Angle C is the middle Part; and 
the Complement of the Hypo- 
thenuſe AC, and the Side BC are 
Extremes Conjunct; therefore it 2 
ill be, 

R: ct. AC :: t. BC: cs. C. 


00 Let AC be 40 31', and BC 27 48% then 

6 4s t. AC 46? 31 10.02 3003 

__K To Radius 10. 

bois t. of BC 279 480 9.722008 
o cs. C 6 9.699005 


By 
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By Scale and Compaſſes. 

Extend the Compaſſes in the Line of Tangents from 
452 to 272 48', and apply that Extent from 46 4 
downwards; keep the lower Leg of the Compaſſy 
fixt till you extend the other to 45, this laſt Exten; 
will reach from go in the Sines to 30%, the Comple. 
ment of C, But if you have a Line of Tangent; 
with the Degrees continued beyond 45, you need bu 
extend the Compaſſes from 462 31' to 272 48/ in the 
Tangents, that Extent will reach from 90 in the Sine 
to 309. f 

By the Sliding Rule. 

Set 270 48/ on T to 45 on TT, then againſt 40031 
on TT, obſcrve the Degree and Minute on T, and 
bring that Point to 45 on LT; and againſt go on 88 
you have 309 on S. But if your Slider have the De. 
grees continued beyond 455, you may ſet 462 3 
on T to 279 4% on TT; then againſt go on 8, is 300 * 
on SS. A 

The Angle found will be acute, if both the Hypo. 9 


* 9 8 
eee e e 


thenuſe, and the given Side be e or leſs than : 
Quadrant; but obtuſe, if one of them be greater, ant. 
the other leſs. | 
The Hypothenuſe AC, and the Side AB given; . 
find the other Side BC, an Extreme Digundt. W 
| 1 As s. BD: s. CG : 1 s. BH A 
: | CH (by Ax. 1.) 
7 5 _- That is, As cs. AB: cs. AC: 1 5 
"0 R : cs. BC: Ti 
| But by the univerſal Propol bp 
tion, the Complement of AC g 
the middle Part, and AB a... 


BC are Extremes Disjunct . 
ttherefoc 
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E therefore it will be the ſame as above. __ 
Let AC be 460 z1', and AB 389 560; then 


7 
i ** 


As cs. AB 385 56, 9.890911 
R 9.837679 | 
So is Radius 8. | 
MI 9.946768 . 
By Scale and Compaſſes. | 


Extend the Compaſſes from 3310 O4 the Comp. AB) 
to 43 29 (the Comp. of AC) that extent will reach 
trom 90 to 629 12/ in the Line of Sines. | 


| By the Sliding Rule. 

WE St 512 O4 on 8, to 90 on SS; then againſt 43® 29/ 
ons, is 629 12/ on 88, whoſe Complement Is 272 48, 
ne side BC ſought. 

The Side ſought will be lefs than a Quadrant, if 
both the Hypothenuſe and given Side be leſs than a 
Quadrant, but greater than a Quadrant, if either the 
Hypothenuſe be greater, and the given Side leſs ; or 
wt the Hypothenuſe be lefs, and the given Side great- 

er . | 


CASE: VII. 


1 with BC, and the Augle cpfo/ite thercurnto A 
being given; to find the other Side AB, the mid- 
130 1 dle par ' 


Dt. BC::s AD: s. AB 
: (by Ex. 2.) 

pol: Y That is; t. A: t. BC:: R. : s. 

ci B. ; 

1 But by the univerſal Propoſi- 4 

MM 4B is the middle part, and 

MF Complement of A, and Side 


14 
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BC are Extremes Conjunet ; therefore it will be, 
Rad.: et A :: t. BC:'s. AB. 
Let the Angle A be 400 oo', and the Side BC 249 
48' ; then 


As Radius, to et. A 409 oof 10.076186 
So is t. BC 279 48 9.722004 
Tos. AB 38 660 9.798194 


By Scale and Compaſſes. 
Extend the Compaſſes from 40® to 279 48/ in the 
Tangents, that extent will reach from go to 380 30 
in the Line of Sines. 


By the Sliding Rule. | 
Set 400 on TT, to 252 48' on T; then againſt 90 


"Ih on Ss is 382 56' on S. | 
Th The Side found will be leſs than a Quadrant, if tie 
4 Angle oppoſite thereto, and not given, be acute, but 
U greater if it be obtuſe : In like manner it will be leſ, 
101 if the Hypothenuſe be leſs than a Quadrant, and the 
| N | Side given alſo leſs than a Quadrant: Or if the 
1 Hypothenuſe be leſs than a Quadrant, and the given 
MY Side greater, the Side found will be greater than a Qus- 
AVE drant: Laſtly, if both the Hypothenuſe and Side 
1 given be greater than a Quadrant, the Side found 
10 i will be leſs than a Quadrant, but greater if the Hype. 
14 thenuſe be greater than a Quadrant, and the given Sid: 
N 1 | leſs. 2 
1 T 
1 I 
It" CASH: 
” 
Jil 
Il | N 
If 
1 
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F CASE VIII. 


De Side BC, and the Angle oppoſite thereunto A, i 

being given; to find the other oblique Angle at i 

C, Extreme Disjunct. | 
| 


Ass. CH: s. CF: : s. GH: s. IF 
(Ax. 1.) | 
Tat is, BC : tA; 

e 

But by the univerſal Propo- 
ſition, the Comp. of A is the 
middle Part; and BC, and the 
| Complement of the enquire] 
Angle C, are Extremes Dis- 
junct; therefore the Analogy 
will be the ſame as above. 
Let the Side BC be 27 48/, ang the Angle A 40 oo. 


As cs. BS 279 487 | 9.9457 

e 4 

i To Radius 10. EIS 
- So is cs. A 40 odf 9.884254 


To s. C 60? oof 9.937517 


By Scale and Compaſſes. 
Extend the Compaſſes from 629 12/ (the Comp of 
272 48/ to Rad. or go in the Sines, that extent will 


reach from 50 (the Comp. of 402?) to 6o in the ſame 
Line. . 


By the Sliding Rule. 
Set 62? 12/ on 8, to 90 on SS, and againſt 30 0n $ 
is 600 on SS. | 
The Angle found will be acute, if the Side not given 


ve leſs than a Quadrant; obtuſe if greater: In like 
H 2 manner, 
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manner, if the Hypcthenuſe be leſs than a Quadrant, 
and the given Angle acute. Or if the Hypothenuſe 
be greater than a Quadrant, and the given Angle ob- 
tuſc, the Angle found will be acute: But if the Hy. 
pothenuſe be lefs than a Quadrant, and the given An- 
ole obtuſe, or if the Hypothenute be greater than a 
Quadrant, and the given Angle acute, the Angle found 
will be obtuſe. 


x CER. A af 
M2 r E. - 


CASE:I1£& 


| The Side BC, and Angle oppoſite thereto A given, to 
find the Hypotbhenuſe AC, Extreme Digundct. 


As the 3. DG: , BC: 
AG: . A: 1. 

That is, As 8s. A: 8. BC: 
Rad.: 3. AC. 

But by the univerſal Propo- 
fition, BC is the middle Part, 
and the Complement of A, 
and the Complement of AC 
the Extremes Disjunct; therefore the Analogy will be 


the ſame as above. | 
Let BC be 27? 48“ (as before) and the Angle A 40? WM 


o! , then, = - 
As thes. A 40 oof 9.808067 FF 
To the s. BC 27? 48 9.668746 MW ( 
So 1s Radius 10. 
* To the s. AC 469 310 9.86067 : 0 


By Scale and Compaſſes. ; 
Extend the Compaſſes in the Line of Sines from 40% MW 
to 272 480, that extent will reach from 90 to 469 310. : 


A. 
MX FH 
4, 
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By be Sliding Rule. 
Set 40? on SS, to 27? 48“ on S; then againſt go on 
88, is 460 311 on 8. 


The Hypothenuſe found, will be leſs than a Qua- 
drant, if both the oblique Angles be acute or obtuſe, 
or if buth the Sides be greater or leſs than Quadrants. 
It will alſo be greater than a Quadrant, if one of the 
oblique Angles be acute, and the other obtuſe ; or if 
one of the Sides be leſs, and the other greater than a 
Quadrant. 


CG AS E K. 
The AB, and the Angle adjacent A given; to find 
the other Side BC, Extreme Conjunct. 


As the s. AD : s. AB: 

+." II 21 BC (An. 2.) 

That is, As Rad. : s. AB: 
＋ A. . BC. 
But by the univerſal 1 | 
| fition, AB is the middle Part; 
and the Complement of A, and | 25 oy 
the Side BC, are Extremes 
Conjunct; therefore it will be, 
I As ct, A: Rad.: 8. AB: t. BC. 


| Let the Side AB be 389 56% and the Angle A 40? 
col (as before) Then, 


As Radius 10. 
Tos. AB 380 567 9,795247 
do is t. A 40 od! 9.923813 
To t. BC 27048 9.7 22000 


H 3 Dy 
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| By Scale and Compaſſes. 

Extend the Compaſſes from go td 380 56' in the 

Sines, that extent will reach from 40 to 270 48 in 
the Tangents. 


By the Sliding Rule. 
Set 9o on SS, to 38? 56“ on S; then againſt 40 © 
TT, is 27? 48' on T. 
The Side found will be leſs than a Quadrant, if the 
given Angle oppolite thereto be acute, but greater if 
obtule. 


CASE: XY, 


The Side BC, and the adjacent Angle C given ; ii 
find the other oblique Angle A, middle Part. 


As the s. FC: s. HC:: s. IF. 
. HG. (A. 1.) 


That is, As Rad. : cs. BC: 
ne C3 eh. A] 


But by the univerſal Propo-W . . 
ſition, A is the middle Part, ati 
and the Side BC, and the Con- ie 
plement of the Angle C, ar 
Extremes Disjunct; and the 4- AC 
nalogy will be the fame as 


bove. 4 

Let the Side BC be 25? 48', and the Angle C 60 I 
oOo“: then, | 
As Radius 1 A 
Is to cs. BC 279 48/ 9.94673] 1 


So is s. C 60 OO 9.9375³ 


To the cs. A 40 OO 9.884200 


—— U— 
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By Scale and Compaſſes. 
+ Extend the Compaſſes from goto 629 12/, that ex- 
tent will reach from 60® to 50, the Comp. of A in 
| the Line of Sines, 


| By the Sliding Rule. 
| Set go on SS, to 629 12/ (the Comp. of 272 48) 
ons; then againſt 60 on SS, is 509 on S. | 
| The Angle found will be acute, if the Side given be 
8 leſs than a Quadrant, obtuſe if greater. 


CASE XII. 


| The Side AB, and the adjacent Angle A given, ts 
| find the Hypothenuſe AC, Extreme Confunct. 

As the s. HD: s. HG: : t. 
: BD := r. SHA. 2:)* 
That is, As Rad.: cs. A:: ct. 
Ag.: ct. AC. | 
| But by the univerſal Propo- 
| tion, the Complement of A is 
the middle Part; and the Side 
AB, and the Complement of _ 
AC, are Extremes Conjunct: therefore it will be, 


As t. AB: Rad. :: cs. A: ct. AC. 
Let AB be 389 56, and the Angle A 400 oo; then, 


As t. AB. 380 560 | 9.907330 

ToRadius 10. , 

So is ces. A 402 00! 9.884254 
bo ct. AC 460 310 9.976918 


HK by 
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| By Scale and Compaſſes. 

Extend the Compaſſes from god to 300 (the Compl. 
of A) in the Sines; that extent will reach from 43 
(in the Tangents) to 52% + : keep that foot of the Com- 


paſſes fixt, and pull the other into 51* 4/ (the Compl. 


AB) this laſt extent will reach from 45* to 46* 310. 


By the Sliding Rule. 

Set 90* on 8, to 50? on SS; then againſt 310 4 onT, 
is 435 291 on TT. 353 | | 

The Hypothenuſe will be leſs than a Quadrant, if 
the given Side be leſs than a Quadrant, and the Angle 
given adjacent thereto be acute; as alſo if the given 
Side be greater than a Quadrant, and the given adja- 
cent Angle obtuſe. And the contrary. 


— 


CASE NI. 


The two Sides AB, and BC given; to find either if 
the oblique Angles, as A, Extreme Conjuntt, 


As che 8s. AB: . AD: it. 
BC: t. DG. (Ax. 2) 

That is, As s. AB: Rad::: 
t. :. 

But, by the univerſal Pro- 
poſition, the Side AB is tie 
middle Part, and the Side BC, 
and Complement of A, thi 
Extremes Conjunct; then it will be, 

„ As t. BC: 8. AB:: Rad. ct. A. 
Let AB be 38“ 66 and BC 27 48“: then, 


As s. AB 28% 567 | | 709247 
To Radius 3 72 | 
So 3 BC 279 487 9.722003 
Tot, A 40 oo 9.92376! 


| AB 


4 


E ſitio! 


the 


Fee af A eo? Hoe OO 
J 4 F- wad hs * „ * * ö 
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By Scale and Compaſſes. 

Extend the Compaſſes from 389 56 to 90 in the 
ines; that extent will reach from 270 48 to 400 in ˖ 
the Tangents. 
By the Sliding Nule. 

Set 38 36“ on S to go on 38, then againſt 272 487 


on T, is 40 on TT. 


The Angle found will be acute, if the Side oppoſite 


© to the Angle fought be leſs than a 53 85 rant, but ob 
| ruſe, if greater. 


—_— yy 


CASE XIV. 


| The two Sides AB, and BC grven ; to find the H- 


| ſition, the Hy pothenuſe AC is 
Ag and BC are Extremes Diſ— 


will be the ſame as above. 


Poi bent e AC, the mii dale Part. 
Asthe s. BH {4 CH: 3, 80D:: $,. Ch, (44 2.) 


That is, As Rad. : cs. BC : : 
E CS, AB: cs. AC. 


But by the univerſal Propo- 
the middle Part, and the Sides 


jun& ; therefore the Analogy A 


Let AB be 389 56% 8 and BC 270.48ʃ3; then, 


As Radius 1 z 0. | 
To cs. BC 279 48“ | 9.94673 
So cs. AB 389 660 9.990911 


To cs. AC 468 315 9.837643 Ny 


— —— OR err ot 
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By Scale and Compaſſes. 
Extend the Compaſſes from 90 to 629 12“ (the 
Compl. of BC) the extent will reach from 319 4“ (th; 
Compl. of AB) to 439 29/ the Compl. of AC. 


By the Sliding Rule. 

Set 90 on SS, to 629 12/0n S; and againſt 314 
on S8, is 439 20/ 0nS. 

The Hypothenuſe found will be leſs than a Quz 
drant, if both the Sides are leſs or greater; but other: 
wiſe it will be greater, if one be leſs, and the other 
greater. 


CASE XV. 


The two Angles A and C given ; to find either i 
the Sides, viz. BC, Extreme Digjun@, 


As the s. IF: s. GH:: s. CF. 
8. CH{2*.-1:) 
That is, As s. C: cs. A:: Rad: 
cs. BC. | 

But by the univerſal Prop: 

ſition, the Compl. of the Ange 

A is the middle Part; and tit 

Compl. of the Angle C, and tit 

Side BC Extremes Disjunct: 

therefore the Analogy will © 

the ſame as above. 

Let the Angle A be 40? O0, and C 50 oo! then 


As s. C. 60 oo! | 9.93753 
To cs. A 40 oo! 9.884254 
So is Radius 10, 


To the cs. BC 279480 9.9407 


5 


given 


But 


ſition, 


| Hypot 


Part, a 


the Afr 


tremes 


will be 
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By Scale and Compaſſes. 

Extend the Compaſſes from 60 to 30 (the Compl. 
of A) that extent will reach from 9o to 629 12, the 
Ccmpl. of BC. 
| 

By the Scale and Compaſſes. 

Set 60® on SS, to 502 on S; then againſt go on SS, 
is 620 12! on S. 

The Side found will be leſs than a Quadrant, if the 
= Angle oppolite thereto be acute, but greater if 
obtule. 


CASE AYVL 


The tawo oblique Angles A and C given ; to find the 
Hypothenuſe AC, the middle Part. 


As the t. IF: t. GH: : s. CI. 
3. G. . 2. 

That is, As t. C: ct. A:: Rad.: 
cs. AC. 
But by the univerſal Propo- 
ſition, the Complement of the 
Hypothenuſe AC is the middle 
Part, and the Complements of 
the Angles A and C, are Ex- 
tremes Conjunct; therefore it 

will be, 
As Rad.: et. A:: ct. C: cs. AC. 
Let A be 40 and C 60, as before; then, 


As Radius 10. 

To ct. A 40 000 10.076186 
So is ct. C 60 000 9.761439 
To c.s. AC 469 310 9.837625 


By 
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By Scale and Compaſſes. 
Extend the Compaſſes from 60 to 30 in the Tu. 
gents, that extent will reach from 9o to 430 29“ in the 
Sines. | | | | 


By the Sliding Rule. 
Set 60 on T to 5o on TT ; then againſt gg or, $, 
is 430 29/ on S, the Complement of AC. ö 
The Hypothenuſe found will be leſs than a Ou 
drant, if both the oblique Angles be acute or obtuſ; 
but greater if one of them be acute, and the other ob. 
tuſe. 


T o vary Proportions. 


The chief Grounds for varying Proportions are bull 
upon the following Theorems. 


. H E Radius » 


a mean P. dis; 
portional between tis: 
Tangent of an Ache nn 
and the Tangent of Bbw. 
Complement ; that V, th. 
As the Tangent ef the 
—icDndi: toRadus Ct, . 
XR T So is Radius CF on b. 
the Co- tangent FN. 
| . . | Sa 
2. The Radius is a mean Proportional between ly in 
Sine of an Arch, and the Secant of the fame Ari chira 
Complement : that is, | the ( 


As the Sine CR to Radius OC, fo is Radius CFP. 
the Sec ant of the Arch's Complement CN. 


9.” i 


r — — 
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2. The Rectangles of all Tangents, and their Com- 
lements, being reſpectively equal to the Square of 
adius, are reciprocally Proportional. That is, 

As the Tangent of an Arch or Angle, is to the Tan- 
ent of another Arch or Angle; ſo is the Tangent of 
e Complement of the latter Arch, to the Tangent 
f the Complement of the former. f 

And by varying the ſecond Term into the Place of 
e Third, we may compare the Tangent of one Arci 
d the Co-tangent of another, Sc. Thar is 
As the Tangent of an Arch or Angle, is to the Co- 
ngent of another Arch; ſo is the Tangent of the 

ter Arch, to the Co- tangent of the former. 


. The Sines of the Arches, and the Secants of thei 
Þmpl-ments, are reciproc: ll; proportional; that is, 
As the Sine of an Arch, to tii- Sine of another 
Ich; ſo is the Co- ſecant of the latter Arch, to the 
p- d-ſccant of the former. | 
And by changing the ſecond and third Terms, a 
De may be com Dared with a Secant. 

ln any Proportion, if the two firſt Terms be, 

\s the Tangent of an Arch to Radius ; to bring the 
© into the firſt Place, it may be laid, As the Ra- 
is to the Co-tangent of chat Arch, becauſe there 
| Fog Proportion between theſe rwo latter Terms, 
petween the two former. Now in all the Theo- 
Þ3, the two latter Terms conſiſt either of the Parts, 
pf the Complements of the Parts of the two for- 
: Hence it will not be difficult to vary any Pro- 
ion propounded. 


From hence it will follow, that a Proportion 
y! in Tanger.ts may be changed into their Com- 
ents, without altering the order of the Terms; 
the Converſe, 


Uf 


| 
' 
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If it were, As Tangent 10 to Tangent 202, f 
Tangent 52 to t. 699 15/. 

It "would allo be, As t. 809 to t. 700 ſo t. 289 
t. 200 450% | 


ing Tangents are only changed into their Comp. 
ments, it infers a Tranſportation of the firſt Ten 
into the ſecond Place. 

As in the Example above, As t. 209 to t. 10%; { 
t. 389 to Tangent 200 45/. 


2 

5 

That if the two latter Terms of any Proportion b. L 
3 

f 


3. If the two former Terms of a Proportion being 
Tangents, are changed into their Complement, 
likewiſe infers a change of the third Term into th 


Place of the fourth. | 
And then if the fourth Term be ſought, it will hol 34 
As the ſecond Term to the firſt, ſo is the third Ten 
(as at firſt propounded) to the fourth, 7 
* 
In the firſt Example: As t. 70: t. 809 : : t. 52%:1aric 
89915 Fe 
not! 
4. A Proportion wholly 1 in Secants, may be chang" th 
into a Proportion wholly in Sines, without alter 
the order of the Places, only by taking their Compi 
ments; and the Converſe. ; 1 
If it were, As ſe. 80 ſe. 700: : ſe· 60: ie; 105 | : 
It would alto hold in Sines, As s. 109; 8.20 i us 
8 © re Pr 
309.8. 80. 2 
hat ea. 
nd ſo 


If the two latter Terms being Secants, ſhoull 
changed into Sines, and the Converle, it they N 
Sines to be turned into Secants, it would be _ 
by taking their Complements ; but then muſt tf 
cond and firſt Terms change Places one with ano 
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= It the Proportion were, As s. 120: 8. 42 :: ſe go: 
? ſe. 7 5 0 260. 

I would alſo hold, As s. 422: 8. 129: 8. 54:8. 
TB 

z 6. That if the two former Terms of a Proportion 
in Secants, ſhould be changed into Sines, and the Con- 
I verſe ; this would infer a changing of the fourth Term 
of that Proportion into the place of the third: But 
W the ird Term not being that which is ſought, the 
| | Ruicto do it, would be to irnagine the two firſt Terms 
to change places, and then to take their Comple- 
ments. 

If the Proportion were, As ſe. 369%: :: 
12“: s. 420. 

It would alſo hold, As s. 147-34" 2 54 rx”: 
Php 


1 7. Two Terms, whether the former or latter, in 
. Proportion, being as a Sine to Tangent, may be 
Paried. 

For, as the Tangent of an Arch, to the Sine of Nl 
bother Arch; ſo is the Co- ſecant of the latter Arch, _—_ 
Wo the Co- tangent of the former. 

And by tranſpoſing the order of the Terms, 
As a Sine, to a Tangent; ſo is the Co-tangent of 
he latter Arch, to the Co- ſecant of the former. 


n Laſtly, Obſerve that if four Terms or Numbers 

| re Proportional, their Order may be ſo tranſpoſed, 9 

Wat each of thoſe Terms may be the laſt in Proportion: i 
Id fe of any four Proportional Terms, if three be 

Þvcn, the other that is wanting may be found. | 

Thus, 

As Firſt to Second, ſo Third to Fourth. 

As Second 20 Firſt, ſo Fourth to Third, 

As Third to Fourth, ſo is Firſt to Second. 

As Fourth to Third, ſo is Second to Firſt. 


The 


— —— —-— ya —— —B — —_—_— 
1 - 


— —— 
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The Rules being well underſtood, it will be eaſy to 
vary each of the ſixteen Caſcs of right angled ſpherica 


Triangles (ix ſeveral Ways, as I (hall plainly ſhew, in 
the Pages ncxt following. 


We will begin wich the Firſt Caſe, and ſhew all its 
Variations. 
The Proportion you will find to be (as in Caſe l. 
Fa 90.) 
1. As Raociws: : A: BC. 
But we may . 

2. As ſe. c. AC: Rad. :: s. AC: 8. BC. 
Becauſe(by the 2d Theorem, Pag. 108.) As Radius 
to s. AC, ſo is fe. c. AC to Radius. 

Again we may ſay, 

3. As ſe. c. A: Rad. :: 8. AC: s. BC. 

Becauſe, As Radius to s. Azſo is ſe. c. A to Radids 
Again, 
It may be, As s. A: ſe, c. AC :: Rad. : ſe. c. BC. 
3 As Rad.: s. BC:: ſe. c. of BC : Radius, 
Then by inverting the Proportion in the fecond, 
and two laſt Terms of this, 
Again it may be laid, 
5. As Radius: ſs. © At: e. , Og (IN OY , 

© By changing the Sines in the two laſt Terms i 
the third Proportion Into Sccant Complement 
and tranſpoſing the two firſt Terms; 

Again we may lay, . 

C. Az s. AC:tRad. © e. e. A: e. e. BE; 

By changing the Sines in the two laſt Terms of 
the firſt Proportion into Secant Complements, and 
tranſpoſing the two firſt Terms. 


Thus have you the Proportions varied fix ways 
Which are all the ways it can be varied. 


We will next ſhew how to vary the Proportions in 
the ſecond Caſe, which is in Sines and Tangents. 
Ta 
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I he firſt Proportion by che univerſal Propoſition is 
I As ct. AC Rad. :: c. : t. BC; 
N But we may ſay; 
. As Rad. ; cs: C;: t. AC:. BC. 
S Bccaule, as the ct. CA: Rad.: : Rad.: t. AC: 
Again it may be, 

As et. C: ct. AC: Rad..:; ct::BC; | 
Brcauſe as Rad.: t. BC: : ct. BC: Radius. But 
becaule BC is required, theretore the Co-tangent 
of AC and the Co-ſine of C in the firſt Proportions 
muſt change Places, and alſo the Co-tangent of BC 
and Radius! in this. 

Again we may ſay, 

As ſe. C: Rad. :: t. AK: 

8. cauſe, from the ſecond Proportion, as Radius to 
the Co-ſine of C, ſo is the Secant of C to Ra- 
dius. 


2 . mY A 
p — ms tb; es a - ts; 
—_—, es i, LA ds ETD * TO 1 ? 
" 2 9 ct IA a A ae #6 wt 
A oe ERS NE 


| Again? it may be ſaid, 
5 Ast. AC: fe, C:: Rad. : ck. BC. For, 

From the two firſt Terms in the third Proportion, 

Aide . TC: AC: en. 

} Again it may be ſaid, 

6. As Rad. : ct. AC:: fe, Cet. BC: 

| Becauſe, as t. AC : Rad. : : Rad.: ct. AC in the fifth 

Proportion. 


From what has been ſaid in theſe two Examples, 
the Rules for varying Proportions being well under- 
; Iſtood, it will not be difficult to vary any Proportion 
which can offer it ſelf. Therefore I ſhall ſay no more 
| 3 it, only ſet down all the Vatiations of the other 
ales; 
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AS E HI. 

e *ct..0C 1117 

2 45 R. . At: AC; 1 11210 

3 As fe. AC: R. e. Ker 131 * 

4 At. K ſe. AC K-14 1998, 

ISAR. :; et. A: : ſe. AC: t. C 541 

S391 ALGAL t. 6]: 
| CASE TV, 

is ASss ACK: 4s.DC:;s A l 

As R. :; ſe. c. AC :: 8. BC:s A 2 

3 As ſe. c. BS: R. :: ſe. c. AC: s. A 347 

i4i As ſec. Ke..: R. ec. A .. 

e A $4 

16 As R.: fe.c. BC :: s. AC: ſe. c. A 61 * 
AF. 

CCC EB eC rt: 

LeaifAcR cl AC: 1 RC--o6-0C | 2 | 

| I31 Asct. BC : R. :; ct. AC: oa, C $1245 

| TTT 114. 

CAP. ND, OBS - PAD IN . 

As t. BC : R. :: t. AC: fe. C 1 


A. 


ie. : en. :: Rü 1 
2 As R, : fe. oy; Cs. AC *:c6, BC | {2 
21 As ſe? AC: + ſe. AB: cs. BC BE 
4 As cs. AC: 1 22 tn a ,, © - Wo. le. BC | SLEE 
5 | 5 
6 6 


As R.: ſe, AC : : cs. AB: ſe. BC | | - 
As fe. AB: R. :: ſe. AC: ſe. BC T 


CASE VII. 


LEACR-: tA 238-248 1 
2 As t. A: R.:: t. BC: s. AB 424 
As ct. BC: R. :: ct. A: S. Af 135 
irn et :: N.: Re. AB 1441 
+54 As R. ct. BC: it A: ſe. c. AB 
5 As ct. A. R. :: ct. BC: ſec, AB 110 


1. A8 
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CASE. VIII. 


As 0. BS: R.:: ASC 
As N. : . ü . s. C 
As ſe. X: R.: ſe. e 

As ſe. BC:: ſe, A Ne. K. C 
u N. es BC:ifn A det 
As cs. A: R. 3:2 cs. BU: : fe. c. C 


AKK. 


S ess tw» 


As s. A: s. BC: : R.: s. AC 
2 As R. : ſe. c. A: 1. : 8. AU 
3 


As ſe. c. BC :: R. :: ſe. c. A: 3. AC 
wo BC-: 8. A.: 1 Fee aß 


As R. 2 5 1 : ſe. c. AC 
As ſe.c. A: R.: 3 gg {e.c. AC 
CAR. 


bios more 


2 As K. : t. A: s. AB: t. BC 


3 As ſe. c. AB: R.:: t. A: t. BC 


II4As. AB: ct. A:: R.: ct. BC 


: 


As t. A:; ſe. c. AB:: R.: ct. BC 
6 As R.: et. Ai er. d.. 
E 


HAN: U MISS 
2 As e RS C04 
3 As ſe. BC: R.:: s. C. cs. A 
+ As cs. BC + R. :: ſe. c. C: fe. A 
E 


As R.: ſe. BC: : ſe. c. C: ſe. A 

As 5. C: R.: "fe BC: ſe. A 
CASE XII. 

Fat. AB :: R. : cs. Ach AC 

| As R.: ct. AB: R. :: cs. A: ct. AC 

As ſe. A R. 1 AB: ct. A 

AA.. BT AE: 

As ct. AB:R.::&, A: t. AC 

As R. : t. AB:: ſe. A: t. AC 

| I 2 


” — — 
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ASE . 


1 As s. AB: R. : t. BC: t. A 
2 As t. BO: 8. AB:: R. ct. A 
3 As R.: ct. BC: : s. AB: ct. A 
As R. : ſe. c. AB:: t. BU-: t. A 
As ect. Be : R. : ſe. c. AB: t. A 
6 As ſe. c. AB: ct. BC: : R. ct. A 
AS E XIV. 

x As R. : cs. BC :: cs. AB: cs. AC 
2 AS ſe. BC: R. :: cs. AB: 8. AC 
3 As ſe. AB: R.:: cs. BC: cs. AC 
4 As cs. AB; ſe. BS: R. ſe. AC 
5 
© 


4 — 
> WS. _—_—— *** 8 


R.; ie AB; : ſe B: fe AC 
As cs. BC: R. :: ſe. AB: fe AC 
CAS 19 AY; 
1 ire 8. C: cs. A:: R.: cs. BC 


As R. : fe.c. C3 50S. A: 30S BC 
As ſe. A's R. :: ſe. e O: en. BC 
As cs. A: 8. C:: R.: e. BC 
er 
16 FA Te.c, C: R. :: ſe. A: Me 
CASE XYL 


As R. : ct. C:: ct. A: co AG 
tee: R. et: 
i129; ASE AR; 3: . : 8. AC 
4 As ct. A: R.:; t. C: fe. AC 
5 
6 


Az Rit Att Cle AG 
As ct. C: R. itt. A: le. AC 


Thus have I gone thro? all the Variations of the fir 
teen Caſes of right angled ſpherical Triangles : I ſhall 
proceed to the Solution of oblique angled ſpherical Tri 
angles, in the next Chapter, with the Variations of thell 
Froportions. | 
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— WOIEG Es | 8 
G 

Je e obligue angled Spherical Triangles. 

N ©2/1Gue angled ſpherical Triangles; if the 


$243 given and required be oppolite, they are 
% by the third Axiom, as in the two following 
Cales. | 


CASE I. 


Teo Sides, and an Angle offoſite to one of them, 
being given, to find the Angie oppofite to the 
er. 


Let the Sides BC 18“ 4%, and 
BC 42“ 51, and the Angle C 
23 * 30, be given; to {ind the 
Anzie D, oppoſite to BC. 

As s. BD 18* 477 A. C. o. 4921572 
To s. C23“ go 9. 6006997 
So is s. CB 42 611 9.832609 


— 


| Tos. D 57 22/ 9.9254178 


| Here it may be doubtful whether this Angle D be 
| obtuſe or acute, that is, whether ir be 37 22½ or its 
Complement to 180%, that is 122 38/, which in this 
| Lximple it is ſuppoſed to be. 

| In ſome Caſes the Affection of the Angle ſought 
cannot be determined from what is given. 

Such Caſes are, when the given Angle is acute, and 
| tle oppoſite Side leſs than a Quadrant, and the adja- 
cent or other Side greater than the oppolite Side, and 


| its Com plement to a Semicircle alſo greater than tlie op- 
| polite : 


1 3 | Alſe 


: 
| 
: 
, 
: 
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Alſo when the given Angle is obtuſe, and the oppo- 
ſite Side greater than a Quadrant, and alſo greater than 
the other Side, and greater than the Complement of the 
ſaid other Side to a Semicircle. 


22 Ear 


AS E II. 


Too Argles and a Side oppoſite to one of them being 
given, to ſind the Side oppoſite to the other. 


Let the two Angles C 235 
300%, and D 122* 3%, and the 
Side BD 18* 47 be given; to 
find the Side CB. 


3 


. : 


As s. C 23% 3of A. C. 0.399300; 
To s. BD 1847“ 9.078425 
So s. D. 12238 

(%% 2 J 9.92530 


Tos. C 42* 51! 9.8 324406 

In ſome Caſes the Affection of the Side ſought cannot 
be determin'd from what is given. 

Such Caſes are, when the given Angle is acute, and 
the oppoſite Side leſs than a Quadrant, and the other 
Angle greater than the former Angle, and its Comple- 
ment to a Semicirclealſo greater than the ſaid Angle: 

Alſo when the given Angle is obtuſe, and the oppo 
ſite Side greater than a Quadrant, the other Angle being 
leſs than this Angle, and jits Complement to a Semi 
cle alſo leſs than this Angle, In all other Caſes the De- 
termination 1s certain. 


* — * N 
5 1 8 R 4 _ IF l — tte 
9 N TIP FIT EGS PR Pe? * 
* 2 * Es FA 
* * 


6—— 


; 
' 
: 
\ 

i 


There be ten other Caſes in oblique angled ſpherict 
Triangles, which may be reſolved by the Catholick 
Propoſition (by two Operations at the leaſt) and th 
moir litly, by reducing the obligue Triangle into d 
; | ligt 


” # 4 5 n ** 3 n 
n * * 12 . 55 
1 L * * ” { Lots LEE) wh. A Mr 2 us "2 PL 4 
JE 6 C93 3% r 
* ** 8 ID AER a, 6 


given, and the Side CD required. 
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right angled Triangles, by letting fall a Perpandi- 
cular. 

The Perpendicular muſt be let fall in ſuch a manner 
as that the rectangled Triangle may be reſolved from 
the three Things given in the oblique angled Trian- 
ole, and that by two Operations only, as this Rule 
teacheth. N 


General Rules for letting fall the Perpen- 


dicular. 


1. 1 ET the Perpendicular fall from the Extremity 
of a given Side; and let it ſubtend an adjacent 
Angle given. And beſides, | 
2. If the three Things given be conterminal, let it 
alſo fall from the Extremity of the Side ſought, and let 
it ſubtend the Angle ſought. I | 
In the Triangle BCD, let the An- 
oles C and B, and the Side CB be 


The Perpendicular CA is let fall 
from the Extremity of the given Side 
BC, and ſubtendeth the adjacent An- 
ole B; and the three Terms given 
being conterminal (in this Example) 
it alſo falleth from the Extremity of 


W thc required Side CD, and ſubtendeth the Angle ſought 


D 


But if the Perpendicular BE be conſtituted according 
to the firſt Part of the Rule, then the Triangle may 
be reſolved, but not at two Operations, for which one 
Thing's ſake the fecond Part of the Rule comes to be 
oolerved, and that in thoſe two Caſes only; for in the 
other the firſt Part of the Rule ſufficeth. 

The Perpendicular falls within the Triangle, when 


the Angles at the Baſe (or Side upon which the Per- 


pendicular falls) are both of one Species, viz, either 
'S 4 beth 


_ 
Z 


„ 


I > mg_ ts a —_ — Kooe 


- 
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both obtuſe, or both acute; but without the Triangle, 
if one be obtuſe, and the other acute; as in theſe 


Examples. 


D 
8 \. 
/ ; 
» ds bo L—A 


The Perpendicular being rightly let fall, the firſt O- 
peration will be in the firſt Triangle, viz. in that 
wherein three Things are given; and that will be et- 
ther for finding of the vertical Angle, or the Baſe, and 
that by the univerſal Propoſition. 

Firit, If an Angle be fought, then firſt let the verti- 
cal Angle be found, unleſs the Perpendicular fall 
upon a known Side. „ 

Secondly, If a Side be ſought, let firft the Baſe be 
found, unleſs the Perpendicular fall from a known 
Angle (for then the contrary muſt be obſerved e- 
very way.) | 


Homogenial Terms of both Triangles between them- 
ſelves, viz. of the Hypothenuſes with the vertical An- 
gles, or with the Baſes ; and alſo of the Angles at the 
Baſe with the ſame. e * 


1 The ſecond Operation conſiſts in comparing the two 


For 


Cha 
Fo 


prope 


reduc 
ABC. 


that 1: 
will ! 


As 


Baſe. 


To 
5 


tac ! 


hendic 
by the 
As 
80 1 
In 


1 * 
318 7 
Bale A 


dne 

xtren 
As t 
8o is 


5 
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For the Homogenial Terms of each Triangle, are 
proportional, and Homogenial in the Sines and Tan- 
gents of the circular Parts. 

As tin the oblique angled ſpherical Triangle BCD, 
reduced into the two right angled ſpherical I triangles 
ABC, and ACD, by the Perpendicular CA: I ſay, 
that in the Sines and Tangents of the circular Parts, it 
will be, 

As the Sine of the 
Baſe AB, 

To the Co-tangent of 
the Angle at the Baſe B; 

© is the Sine of the 
| Baſe AD, 

To the Co- -tangent of B 
the Angle at the Baſe D. 


For the Perpendicular AC being aſſumed, the Baſe 
Az in the firſt Triangle ABC, will be the middle Part ; 
then the Complement of the Angle at B, and the Per- 


xnuicular AC, are the Extremes Conjunct: Therefore 
by the univerſal Propoſition, | 


As the Tangent of AC is to Radius, 

So is the Sine of AB to the Co- tangent of B. 

In like manner, in the ſecond Triangle ADC, the 
| pale ot will be the middle Part; and the Complement 


tie Angle at D, and the Perpendicular AC, are the 
Extremes Conjunct: wheretore, 


As the T angent of AC is to Radius 
So is the Sine of AD to the Co-tangent of D. 


Wherefore (by the 11 Pr. 5 Lib. Euc.) it will be, 


As the Sine of AB to the Co- tangent of B; 


0 


is the Sine of AD to the Co- tangent of D. 


5 
<> 


Bra | | there is the like Reaſon of demonſtrating in 
© 02er Parts; tor the Perpendicular ſhall be always 


* 
A 


the jame) of the Extremes in both Triangles, 
W here- 


1 , 
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Wherefore, te determine a Proportion of two Ho. 
mogenial Terms of both Triangles betwixt themſelves, 
we muſt imagine the Perpendicular to be compared 
both with the Term given, and the Term ſought in the 
ſecond Triangle, that it may be underſtood which of thoſe 
may be made the middle Part, and which is the ore 
Extreme, and of what kind it is; whereupon Sine, 
or Tangents may be fitted to them, according to the 
Univerſal Propoſition, to which do anſwer in all things 
the Homogenial Parts of the firſt Triangle: then the 


Perpendicular being rejected, together with the Ra. A 

Gins, we compare the middle Part, and one of the 1 

Extremes in the firſt Triangle, with the middle Pat, 80 

and one of the Extremes of the ſecond, as is done be- T 

\ fore, and as will be maniteſt in the eight following .. 

=_ Caſes. | 

Having thus laid the Foundation, I ſhall next pro- u 

ceed to ſolve thoſe Eight Caſes, both by letting fall Þ 

= a Perpendicular, and allo without a Perpendicular, by 
| help of the two following Axioms, invented and de. L 
= monſtrated by Mr. Oughtred, in his. Trigonome ny 
| | try. | : | 00, t 
and t. 

AX IOM 1. [4nd t 

quired 


As the Sine of half the Sum of two Sides, 

To the Sine of half their Difference; 9 
So is the Co-tangent of half the contained Angle, 
To the Tangent of half the Difference of the othe! 

Angles. 
Again: : 

As the Co- ſine of half the Sum of the Sides, 

To the Co- ine of half their Difference; 

So is the Co-tangent of half the contained Angle, 
To the Tangent of half the Sum of the other Angi* 


Ax IG 


=. 
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AXIOM It 


As the Sine of half the Sum of two Angles, 

To the Sine of half their Difference; 

So is the Tangent of half the interjacent Side, 

To the Tangent of half the Difference of the othes 
Sides. 

Again: 

As the. Co- ſine of half the Sum of the Angles, 

To the Co- ſine of half their Difference; 

So is the Tangent of half the interjacent Side, 

To the Tangent of half the Sum of the other Sides. 


— 


. 
— 


CASE WM. 


Two Sides BC, and BD, and the contained Angle 
B, being given, to find either of the other Angles. 


Let the Side BC be 302? 

oo, the Side BD 422 09, K 
and the Angle B 369 08/; 

and the Angle D be re- 
(quired, 

The Perpendicular CA 
being let fall by the 
{cond Rule, Page 119, 
hen in the Triangle ABC, there is given the Hypo- 
W'icnuſe BC, and the Angle B, to find the Segment of 
the Baſe BA, the firſt Operation; wherein the Com- 
flement of B is the middle Part, and the Complement 

ot BC, and the Segment BA, Extremes Conjunct; 


* the firſt Operation will be the ſame as in Caſe 2. 
dap. 8. 


As 
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As the ct. BC 30? oof 10.238356 
To Radius 10. 
So is cs. B 36 0807 9.90722 


To t. BA 25 od 9.06866 


—== 


Subtract BA 25? from BD 42* o, there remaisz 
170 og! AD. | 


Next we muſt compare the Angle B, the Segment 
BA, and the Perpendicular AC; in which we mall find 


BA the middle Part, and the Complemeht of B, and F 7 
the Perpendicular, Extremes Conjunct: and fo likewit Ms: 
in the Triangle ACD, the Segment AD is the midde B 
Part, and the Complement D, and AC, Extremes Co o; 
junct; therefore it will be, WS) c 
As Sine AB 25? Ar, Com. 0.3740; Not 
To the Tangent Compl. of B 36* o8/ 10. 13665 A; 
So Sine AD '& bs o 9.46900 
To the Tangent Compl. of D 462 18“ 9.98030; Ns c; 
847 
4 
To find the Angle BCD. 0 Cs, 


The Perpendicular DE in the former Figure beirs Wo ct. 
let fall, ſay, | q 
As ct. BC 429 og 10.0432] 
To Radius : 10. 
So cs. of B 369 087 9.907222 


To k. BE 20910 9.80394; 


From 369 10/ ſubtract BC 30 oo, and there fe. 
mains CF. 69 100. 

Then in the Triangle BDE, compare the Angle, 
the. Baſe BE, and the Perpendicular DE, and you . 


find BE. Xa middle Part, and the Complement of B 
and 
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and the Perpendicular DE, Extremes Conjunct; and in 


the Triangle CDE, it wall be CE the middle Part: 
therefore the ſecond Operation will be, 


As s. BE 36˙ 1of Ar. Com. 0.229048 
To ct. B 36* o8/ 10.136615 
| So t. CE 6? 107 9. og tog 
N To t. DCE 76 oo! | 9.396752 


The 5 of 76* to 180* is 104 00f, the An- 


E To find the Angles by Axiom 1. Pave i 122. 

As s. of half the Sum of the Sides BC and 

1 BD 360 04 L { O. 230001 
ETo s. of half their Difference 65 — U : 9.024608 
2 ct. of half the Angle B 187 04/ 10.486607 


q o t. of half the Difference of the other 


| Angles 28® 51/ 9.74188 
f half the Sum of the Sides 6® 

05 of half the Su ides 3 c 0.092456 

o cs. of half their Difference 6e 042 8 9.997553 

| Po ct, of half the Angle B 18% 047 10.486507 


— — — 


7 1 the t. of half the Sum of the otlier 
Angles 75% O9“ ; 


| Add and Subtr. 25 51 


10.5765 16 


* 


3 BCD 104 Go the Sum. 
he An Bl | — — | 
- BDC 46 18 the Difference. 


CASE 


126 Spherical Trigonometry, Part l. 


CASE VI. 
The two Angles B and C, and the Side includd s 
between them,, BC, being given; to find the Sit; 7 
CD. 
A 
Let the Angle DCB be 362 dide 
o8', the Angle CBD 104, and quir, 
the Side CB included 30 oof, 
| Having let fall the Perper- H 
\ dicular from the Extremity WM cond 
\ of the known Side BC, {ub- MWrerti, 
| tending the adjacent known 
5 Angle CBA, and the Angle 
* being of different kinds, the 
Perpendicular falls without the 
Triangle ; then in the Triangle ABC is given the Side 
BC 302? oo, and the Angle CBA 76* oof (the Com 
plement of 1040 to find the Angle BCA, which is cone 
by Caſe 3. Chap. 8. thus: 
| As 
As ct. of B 76 oo 9.3967] To 
To Radius 10. 80 i. 
80 es. of BC-207 %%% 9.9375} 
3 To c 
To ct. of BCA 16? 04“ 10. 54070 5 
| ut! 
Then if the Side BC, the vertical Angle ACB, ahbe ver 
the Perpendicular AC be compared, we ſhall find 3 the 
Complement of the vertical Argle ACB, the midck We cor 
Part; and the Complement of the Side BC, and ry ngle ( 
Perpendicular AC, Extremes Conjunct; and in die onjunc 
Triangle ADC, the Complement of the vertical Ange ge ] 
ACD in the middle Part, and the Complement of DUB 0-Gn6s 
and the Perpendicular AC, Extremes Conjunct. Wer reme. 


fore the Operation of the Homogenial Parts in bot 
Triangles, will be thus : 


l 
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As, cs. of ACB 160 04/ | 5 
To ct. of BC 30“ oo 10.238560 
So is cs. of ACD 529 120 9.787394 
To ct. of DC 42* og 10. 043258 


Again, let the Angles B and C, and the interjacent 
Side BC, be given (as before) and let the Side BD be re- 
quired, 


Having let fall the Perpendicular BA, by the ſe- 
cond Part of the Rule, Page 119. We next find the 
vertical Angle CBA, by Caſe the 3d. Chap. 8. thus: 


To Radius 10. 
So is cs. BC 30 oof | 9.937531 


To ct. CBA 69 20 9. 900916 


he vertical Angle ABD 46* 15'. Then if the Side 
the vertical Angle CBA, and the Perpendicular AB 
compared; we hall find the Comp. of the vertical 
angle CBA the middle Part, and BC and AB Extremes 
onjunct; and the other vertical Angle ABD is the 
adle Part in the ſecond Triangle, and it will be the 
ones of the vertical Angles, and Cotangents of the 
«remes BC, and BD: and the Proportion of the Ho- 
nogenial Terms will be, 


As 


As ct. C 360 08/7 10. 1366 15 


Subtract 37 42! from 104 oo, and there remains 
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As cs. CBA 57 42 Ar, Com. C. 27217 


TIT \ | 2 7 3 
So is cs. ABD 46 18 9.82540, 


To "Ct. BD 2.40 04! 10-35014 7 

| þ 
By having the Angles B and C, and interjacent Sid: | © 
BC, (as before) given; to find the other Sides, with. 6 
out a Perpendicular, by Axiom 2. Page 123. the 
WAL T 

As the s. of half the Sum of the Angles 500 fall 
| B and '* 70⁵ wk O. 026830 of x] 
To the s. of half their Difference 22% 56 9.74631 MWiubte 
So is t. of half the included Side BC 15% oof 9.4280: MMRB, a 
——— Tuna 
To the t. of half the Difference of the 16780 oles ; 
 _ - other Sides 9® 1 N ©0192 (cute 

Again, 1 In 

As cs. of half the Sum of the A O. A0 debt 
— Band & o rie 
To cs. of half their Difference 33“ 56! 9.74681 BW Gap 
So is t. of half the included Side 15% oof 9.428037 

b ——— As 

To t, of half the Sum of the _— 87420 To 
Sides 23* O7 9 1 80 

. Add and ſubtract 9 02 K 

0 

The Sum 42 o9 the Side CY 

—— Ha 

The Diff. 24 05 the Side angle, 

| in bot 

Here the half Difference added to the half Sum Angle 
gives the greater Side; and the half Difference bei ACD 


ſubtracted from the half Sum, the Remainder is the Je Angle 
Side ſought. being 


N C AS 


—— _ 
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CARY: 


T9 Sides, BC and CD, and the Angle B oppoſite 
to one of them, being given, to find the comtre- 
hended Angle C. 


Let the Side BC be 30 oo, and CD 247 04, and 
the Angle B 36* o8/. 

The Perpendicular let 0 
fall from the extremity © 
Lor the given Side BC, TY 
ſubtends che given Angle 

IB, and falls within the 
Triangle, becauſe the An- B 
gles at the Baſe are both 
acute. | . * 
In the Triangle ABC we have given (beſides the 
tight Angle) the Side BC and Angle B; to find the 
vertical Angle ACB : which may be done by Caſe I. 
(wap, 8. thus. 


D 


As ct. B 36" 08/ 10.136615 
To Radius whe 
So is cs. BC 30 oof 9937550 


— 


To ct. BCA 37 420 | 9.800915 
Having thus found the Angle BCA in the firſt Tri- 


angle, we muſt next conſider the homogenial Terms 
in both Triangles z which will be the Side BC and the 
Angle BCA in the firſt, and the Side CD and Angle 
EF ACD in the ſecond Triangle. Now the Side BC, the 
Angle BCA, and the Perpendicular CA in the firſt, 
being compared, we ſhall find the Comp. of BCA the 
middle Part, and the Comp. of BC and CA Extremes 
Conjunct: and likewiſe in the ſecond Triangle the 
K Comp. 


130 Spherical Trigonometry, Part J. 


Comp. of ACD will be the middle, and the Comp. of 
CD and AC Extremes: therefore it will be, 


As ct. BC 30 oof Ar. Com. 9.761439 
Tocs. BCA 3% 42 9.727827 
So is ct. CD 24® 04 IO- 35005 


To cs. ACD 46187 9.839320 


If this Angle ACD 462? 18/ be added to the former 
Angle BCA 579 42/, the Sum is 104 oof, the whole 
Angle BCD required, 


Suppoſe the Sides BD 42 o09/, and CD 240 04 
and the Angle B 36® o8! were given; to find the com- 
prehended Angle D. 


1 B The Perpendicular AD 
„„ being let fall from the 
N . extremity of the given 
LE Side CD, ſubtends the 

3 a on given Angle B, but falls 
1 without the Triangle, be- 


cauſe the Angles at the 
Baſe, B and C, are of different Species. 
In the Triangle ABD we have given the Side BD, 
and the Angle B, to find the vertical Angle BDE; 
thus. 


As ct. B 36 08/ 10. 13661; 
To Radius TOs 
So is cs. BD 429 090 | 9.870047 


——— — 


To ct. BDA 619 34 9.73343 


Having found the Angle BDA, we muſt next find 
the Angle CDA ; wheretore we muſt compare CD, the 
Angle CDA, and the Perpendicular DA; and we 


mall find the Comp. of CDA the middle Part : and s 
the 


Chap. 9. Spherical Trigonometry. 131 
the Triangle ABD, the Comp. of the Angle BDA, is 


the middle Part; and the Sides DB and CD are the 
homogenial Extremes Conjunct: wherefore it will be, 


As ct. BD 429 09 9.956723 
To cs. BDA 61 34 9.677731 
So is ct. CD 24 04 10330058 
To cs. CDA 152 14 9.984512 


If this Angle CDA 150 130 be ſubtracted from the 
ole Angle BDA 61 34“, there will remain 46 21 
or the Angle BDC required. 


Again, we will ſuppoſe the Sides BD 429 og/, and 
D 249 04, and the obtuſe Angle at C 104 O0, giv- 
; to find the comprehended Angle D. 


The Perpendicular DA , B 
ing let fall from the ex- | 
Femity of the given Side \ 
IC, ſubtends the given \ 
Wngle ACD, (the Comp. ; c 
= BCD.) Firſt, find the 
Wrticle Angle ADC, thus. 
| As ct. ACD 769 oo! (the Comp. of | 
BCD 1049) Pk. 9-396771 
To Radius 10. 
So is cs. DC 249 04 9.960505 
To the ct. ADC 159 167 10.563734 
Then, 
As ct. DC 240 04/ 9.049942 
Tocs, ADC x59 160 9.984397 
So is ct, BD 420 097 10.043277 
. ADB 61 3% 9.677616 


K 2 From 


gle D, the ſame as before. 


micircle, in that Caſe reſolve the oppoſite Triangle 
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From ADB 61* 34 ſubtract ADC 15* 16, and then 
remains 46 180, the Angle BDC required. 


Having the Sides BD 422 09! and DC 24 04 and 


the Angle C 104? oO, given, to find the containe 
Angle D, without the help of a Perpendicular, 


i By the firſt Caſe of this Chapter, find the e Ange 
thus. | 


As s. Side BD 429 o9/ Ar. Com. 0.17324 
To s. of the oppoſite Angle BCD 104 c 86 
(or 760) 9:9 904 


So is s, Side DC 24” 04/ 9.61044 


911931) 


Thus have we two Angles and their oppoſite Side ſides l 
to find the other Angle; by the Inverſe of either d die! 


the Proportions in the firſt Axiom, page 122, the for BA (l 
mer will be, 


To s. of the oppoſite Ang B 36* o8/ 


As s. of half the difference of the — i” 
9* 022 O. 03 70 
To t. of half the difference of the } 15 
Angles 33˙ 560 | 982789 
So s. of half the Sum of the Sides 33® : 
062 9.737319 
T po of half the Angle required 23 ; 10.2689 


So if 237 09' be doubled, it makes 465 187, the An 


If the Sum of the given Sides be more than a &. 


CASE 
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CASE VI 


Two Sides BC and CD, and the Angle B, oppoſite 
to one of them, being given, to find the third Side 
BD. 


Let the Side BC be 300 O0, CD 24 04, and the 
Angle B 360 o8/. 2 

The Perpendicular AC 2 
being let fall, the given 
Triangle is thereby redu- 
Iced into two rectangled 

Triangles, ABC and ADC; _ A 

in the firſt is given (be- D 
ſides the right Angle) the 
Side BC and Angle B; to find the Segment of the Bale, 
BA (by Caſe 2. Chap. 8.) thus. 


As ct. BC 30 oo 10.238361 
To Radius 10. 
So is cs. B 369 08! 9.907222 


Tot. BA 25 oof 9.668661 


Then if BA, BC, and the Perpendicular AC in the 

itt Triangle, be compared, we ſhall find the Comp. 

f BC the middle Part, and AB and AC Extremes 

isjunct; and ſo likewiſe will the Compl. of CD be 
8 Part in the ſecond Triangle: therefore it 
jill be, | 


As cs. BC 300 oof Ar. Com. 0.062469 
To cs. BA 259 oof 9.957276 
So is cs, CD 24 04“ 9.960505 


To cs. AD 159 og | 9.980250 
K 23 | Add 


the whole Side BD required. 


134 Spherical Trigonometry. Part J. 
Add AB 25 oo! to AD 150 og), the Sum is 420 og, 


But ſuppoſe the Sides BC and BD, and the Angle 
C, given; to find CD. N 


B Let BC be 300 00, 
4429 og, and C 104. 

The Perpendicular 

BA being let fall, inthe 

Triangle ABC we have 

C given the Side BC, and 


D 


the 


A Angle BCA (being the 
Comp. of BCD) to find the Baſe AC; thus. : 
As ct. BC 30? oof 10.238301 
To Radius 10. 1 
So is cs. ACB 769 oO. 9.38367; 6 
Tot. AC 57-867 9.145114 
Then in the Triangle ABC, if BC, AC, and the 1 
Perpendicular AB, be compared, we ſhall find the 
Compl. of BC the middle Part, and AB and AC E. 
tremes Disjunct; and inthe Triangle ABD, the Comp, 8 Pa 
of BD will be the middle, and AB and AD Extremes: e 
therefore it will be, 1 l 
As cs. BC 309 oof Ar. Com. 0.062469 
To cs. AC - 37 | | 9.995806 | 
So is cs. BD 429 09 9.5 70047 Tg 
— _— ie 
To cs. AD 3200 017 9.92832 inc. 
Then if AC 52 57/ be ſubtracted from AD 32 01, Let 
there will remain CD 24® 04 08 
nd the 
Having the Sides BC and BD, and the Angle Firſt 


(as before) given, to find the other Side CD, vit. 
out letting fall a Perpendicular, 
Firlt, 


—— — — — — — 
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Firſt, we muſt find the Angle D oppoſite to the o- 
ther given Side BC, by Caſe 1. of this Chapter; 
thus 

As s. BD 42 090 Ar. Com. o. 173229 

To s. BCD 104” (or 769 its Comp.) 9.986904 

So s. BC 30* oof 9.698970 


To s. D 46* 187 9.859103 


Then by the Inverſe of either of the Proportions in 
| the ſecond Axiom, find the Side CD, thus. 


4x hs of hats the Difference of the 


Angles 28 31 0.310483 
To the s. of half their Sum 762 of 9:98 5247 
So is t. of half the Difference of th 

ies 60 0425 ö of 29 


— 
— 
— 


To the t. of half the Side required 12® 5 9.328785 


= Then if 129 02/ be doubled, it makes 24* 04/, the 
ide CD required, 


8 


CASE VII. 


2 Angles B and D, and the Side BC oppoſite to 
one of them, being given ; to find the Side BD 


mcluded 8 them. 


Let the Angle B be 


5 C 
36* 08/, and D 465 190 | Ya 
and the Side BC 200 oO“. . 
| Firſt, find the Seg- 41 | 
88 of the Bate AB, 2 — —ͤ—ę—m \ 
ans, | | "a : A. u 


_—— CO... EE CLEEEENT 
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As ct. BC 30 oo! 10.238356 
To Radius IO. 
So is cs. B 369 087 | 9.60722 


— oo 1 — 


- Tot. AB 25 00 | 9.66866 


Then the Angle B, the Baſe BA, and Perpendicy. 
lar AC, being compared, AB is found to be the mid. 
dle Part, and AC and the Compl. B Extremes Con- 
junct; and in the other Triangle, AD is the middle 
Part : therefore it will be, 


As ct. B 360 08/ 90863385 
To s. of AB 25 oof 9.625948 - 
So is ct. D 46? 18/ | 9.98028; 


— —œGHU—U— ———— 


To s. AD 177 O97 9.469618 


Add AB 25* 00 to AD 14? ogf, the Sn is 42* o, 
the Side BD raked, 


Let us ſuppoſe the Angles B and C, and the Side 
BD given ; and let BC be required. 

Let B be 36˙ 08! C 

E 104*, and BD 42* oof. 
In the Triangle ABD 
we have given (beſides 
| the right Angle A) the 
| | Hypcthenuſe BD, and 
| | Ven 8 the Angle B; to find 
=_ * | the Baſe AB; thus. 


D 


a . 


d 


As ct. BD 42* O0 | 9.956722 
To Radius 10. 
So is cs. B 3608“ 9.907222 


To t. BA 36* 100 


—— — — 


——— 
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Then if the Angle B, the Baſe AB, and Perpendicu- 
lar AD, be compared, BA will be the middle Part, and 
the Compl. of B, and AD, Extremes Conjunct; and 


AC is the middle Part in the Triangle ACD : there- 
fore it will be, 


As ct. B 36? 087 9.863385 
To s. BA 362? 10ʃ cn rd 9.770952 
So is ct. DCA 769 (the Compl. o A 
1040 1˙396771 
To s. AC 60 100 9.031108 


If AC 60 10' be ſubtracted from BA 369 10%, there 


remains BC 30? oof. 
Let the Angles B and C, and the Side BD be given; 
to find BC (as before) but without a Perpendicular. 


Firſt, we muſt find the other oppoſite Side CD, 
thus. 


®/ 
As s. BCD 1049 (or its 9 76 * o or 
To s. BD 42 097 9.826771 
So is s. B 369 08“ 9.770606 
= Tos. CD 245 04! 9. 610473 


Then by the Inverſe of either of the Proportions in 
pe ſecond Axiom, find BC thus. 


ay cs. of half the Difference of FA | 
two Angles 33* 56/ c 0.081085 


| To cs. of half their 7 70* 04/ 9.532660 
So t. of half the Sum of the two Sides 8 
33* 06⁰2 . 
Io t. of half the third Side 13˙ OO. 9. 428057 


Then if 15 oO be doubled, it makes 30 O the 
de BC. ſought, C ASE 
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CASE VIII. 


Two Angles B and D, and the Side BC oppoſite . 
one of them, being given, to find the third Angle C. 


Let Bbe 36® 08/, and 
D 492 18/, and the Side 
BC.z00 00%. 


Firſt, find the ver 
tical Angle ACB, thus: 


As ct. B 36? 080% 10. 13661; 
To Radius 10. 
So cs. BC 30 oof 9937530 


To ct. ACB 5% 42/ 9.800915 


Then in the Triangle ABC, if the Angles B ard 
ACB, and the Perpendicular AC be compared, the 
Comp. of B will be the middle Part, and the Comp. ot 
ACB, and AC, Extremes Disjunct; and in the other 
Triangle ACD, the Angle D will be the middle Part: 
therefore it will be, 


As cs. B 360 050 Ar. Com. 0.09277) 
Tos. ACB 579 42 | 9.926991 
So is cs. D 462? 187% 9.9 3940+ 


To s. ACD 462 18) 9.859173 


Then if ACB 579 42/ be added to ACD 460 18) 
the Sum will be 104 oo, the whole Angle C. 


Again, 
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Again, ſuppoſe the Angles B and C, and the Side 
BD, given 3 to find the third Angle D. 


In the Triangle ABD, 
there is given the An- 
| ole B, and Hypothe- 
nuſe BD; to find the 
E Angle ADB; thus. 


Asct. B 362 08˙ | 10.136615 
To Radius IO. 

So cs. BD 429 09/ 9.87004 
To ct. ADB 6134 9.733432 


Then in the Triangle ABD, if the Angles B and 
ADB, and the Perpendicular AD be compared, B 
ein be the middle Part, and AD and the Comp. of 
zB will be Extremes Disjunct ; and in the Triangle 
abc, C will be the middle Part, and AD, and 


WW Compl. of ADC Extremes Disjunct ; wherefore it will 
be, 


As cs. B 36% 84 Ar. Com. 0.092778 
Tos, ADB 61 34“ 9944172 
So is es. ACD7692 (the Com. of BCD 1040.38 3675 


10s. ADC 25% 16/7: | 9.420025 
It ADC 159 16/ be ſubtracted from ADB 61 34, 


nere will remain 46 18/, the Angle D required. 
Let B and C, and the Side BD be given (as be- 
pore) to find the third Angle D, without a Perpendicu- 
lar. | | 
Firſt, find CD oppoſite to the other Angle B, 
thus. | 


As 
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As s. C 104? oo! (or 76 its Comp.) A. C. 0.01 3096 


To s. BD 42* of 9826771 
So s. B 36? 08“ x | 9.770606 
To s. CD 24 04/ 9.61047; 


Then by either of the Proportions in the firſt Ax. 
iom inverted, 


As cs. of half the Difference of the Sides ” 
Bo and CD 90 027 2 dog 
To cs. of half their Sum 223% 06 9.92305) 


So t. of half the Sum of the Angles bi. 


and C 709 4! 10. 440505 
To ct. of half the contained Angle 
R S 10. 36859; 


Then if 23* 09/ be doubled, it will make 46* 18/,the 
Angle D required. 


— _ 


GA 


Tro Sides BC and BD, and the Angle B compre- 
bended between them, being given, to find tit 
third Side CD. 


Let BC be 30 
8 oo', BD 42* og, 
and the Angle B 
36* o8/. 

In the Triangle 
ABC, there is gi 
ap ven the Angle 5, 
and the Hypothe- 
nuſe BC ; to find 


As 


| N . 7 | : 
=. F A 
—_ | R 
_— 

= ; 


the Baſe AB; thus, 


Chap. 9. Spherica) Trigonometry. 141 


As ct. BC 300 oof 10. 238 5 
To Radius 10. 

So cs. B 360 08! 9. 90722 
To t. AB 25? oof 2 9.66865 


Subtract AB 250 oo from BD 42? og, and there 
remains AD 17 o9/. 

Then AB and BC, and'the Perpendicular AC be- 
ing compared, we ſhall find the Complement BC the 
made Part, and AB and AC Extremes Disjunct; ; 
and the Comp. of CD will be the middle Part in the 


other Triangle: then it will be, 


As cs. AB 2 5 oo! Ar. Com. 0.042725 


To cs. BC 300 3000 9.937531 
So cs. AD 179 09/ 9.980247 
To cs. CD 242? 04' 9.960503 


Again, ſuppoſe BC 300 oO, and CD 249 4, and 
the comprehended Angle p 
C, given; to find the 
Side BD. | 

In the Triangle ACD, 
18 given the H ypothenuſe 
Ch, and the Angle ACD; 
to find the Baſe AC, thus. 


As ct, CD 24® 04 
To Radius 10. 


10.350038 


So CS. ACD 76? O0 
To t. Ac 60 10 


Add AC 60 10/ to BC 300 OO, the Sum is 369 10ʃ, 
the whole Baſe AB ; then it will be, 


As 
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As cs. AC 60 100 Ar. Com. 0.0021; 
Tocs. DC 24® O4/ | | 9.96050; 
So is cs. AB 369 1of 9.9070; 
To cs. BD 422 000 9.870063 


Mr. Collins ſolves this Caſe after the following 
Method. 


1. If both Sides are equal, then it will be, 


As the Radius to the Sine of the common Side, 
So is the Sine of half the Angle to the Sine of 
halt the Side ſought. 


2. In all other Caſes, one or both of the including 
Sides being leſs than Quadrants, it will hold, 


As the Radius to the Co-ſine of the Angle in- 
cluded, 

So is the Tangent of the leſſer Side to the Tan- 
gent of a fourth Arch. 


If the Angle included be leſs than 90, ſubtract the 
fourth Arch from the other Side; but if it be more, 
from the other Side's Complement to 1809. There 
mainder 1s called the Reſidual Arch. Then, 


As the 8 of the 4th Arch to the Co- fit 
of the Arch remaining, 

So is the Co- ſine of the ſeſfer Side to the Co- ſine 
of the Side ſought. 


When the contained Angle is acute, and the reſ- 
dual Arch more than 90, or when the ſaid Angle b 
obtuſe, and the reſidual Arch leſs than a Quadrant, 


the Side ſought is greater than a Quadrant in all o- 
ther Cales lets. 
To 
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Jo reſolve this Caſe without a Perpendicular. 


1 ſhall here make uſe of Mr. Collins's Proportion ; 
which is thus. | 


As the Cube of Radius is to the Rectangle of the 
| comprehending Sides, = S 
So is the Square of the Sine of half the contained 
Angle, | 
Fo half the Difference of the verſed Sines of the 
hird Side, and of the Arch of Difference between the 
wo including Sides. 


Which is thus ; double the Log. Sine of half the 
\nole given, and thereto add the Log. Sines of the 
Wontaining Sides, and from the Left-hand of the Sum 
an out 3 for the Cube of Radius; fo reſts the Log. 
f half the Difference of thoſe two verſed Sines. 
WP hich half Difference doubled, and added to the 
Wy cried Sine of the Difference of the Legs or containing 
aides, gives the verſed Sine of the Side ſought, 
We will ſuppoſe (in the former Triangle) the Side 
( 30? oo, CD 249 04, and the Angle C 104® oof, 
oven; to find the Side BD. 


The Log. Sine of BC 300 o0/ 9698970 
The Log, Sine of DC 240 04 | 9.610446 
| The Log. Sine of 529 (half 104 doubled 19.793064 
The natural Sine againſt 39.102480 
Is 1266318 ; which doubled is 2532636 


The natural verſed Sine of 500 56! (the . 
diff. of the Sides) F 0053572 


The Sum is the ati] verſed Sine of þ 
42” og, the Side BD 5 — 
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If the Logarithm of the Number 2 be added to the 
Logarithm of the middle Terms, we ſhall have th. 


# 


Log. of the whole Difference in the laſt Place; having : 
found it, take the Number that ſtands againſt it in the f 
natural Sines, and add to it the natural verſed Sine g 

the Difference of the Legs, and the Sum is t e natur 
verſed Sine of the Side ſought. - NEG 4 
Example. In the Triangle © ZP, let there be give ] 
the Side © Z, the Comp. / 

Z of the Sun's Altitude 70! 

33“, and the Side ZP the 
Comp. of the Latitude 390 1 
oO, with the Angle inch fg 
ded ©ZP 115! the Sum the! 
Azimuth from the North; Sout 

find the Side © P, the Sun's 
diſtance from the elevated Pole. T 
The Log. Sine of 50? 53 9.975364 WW 116: 
Log. Sine of 392 o 9.7988) Lon; 
Log. Sine of 37 3o' doubled 19.8 5205 WW nec 
Log. of 2- 0.30103 Bl Long 
2 — WT latins 
The natural Sine againſt 39.927320 Alti 
Is 84588 30 ing f 
Add 18 120 the natural verſed Sine of 310 53 tit Ac 
— Diff. of the Legs. Co-fi 
Sum 9967576 the natural verſed Sine of 89 49), te Sum 
Side OP ſought. | Loga 
Note, If the Sum of the four Log. Sines be mot it to 
than Radius (after 3 is daſh'd out) look for it in the wed, 
Log. Secants, and take the natural Secant that ſtand Loga 
againſt it, and to that add the natural verſed Sine of 8 that - 

Difference of the Legs; the Arithmetical Comp Sine 

ment of the Sum is the natural verſed Sine of the Com natur: 
plement of the Side ſought, to 1809. 4 2 If 
Example, The Side © Z 70? 53/, and. the Side of th 
2382 29% and the Angle © ZP 145, being given, "vg 
rom 


— 
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The Log. Sine of 700 63 9.973646 
The Log. Sine of 389 287 9.7938317 
The Log. Sine of 722 go! doubled 19.9588390 
The Log. of 2. o. 3010300 
The natural Secant againſt 10.029063 
Is 10692463 | | 
Add 1558280 the natural verſed Sine of 320 2 5/, the 
— Diff. of the Legs. 
12250743 | Rae) 


ſed Sine of 77, whoſe Complement to 1809 is 103%, 
the Side © P ſought. So the, Sun's Declination is 130 
South. | | 


This Proportion 1s of great uſe for calculating the 
Diſtances of Places on the Earth by their Latitudes and 
Longitudes, and of the Diſtances of Stars by their 
Declinations and Right Aſcenſions, or Latitudes and 
Longitudes ; but it is of very excellent uſe for calcu- 
lating the Sun's Altitudeat all Hours, for it finds two 
Altitudes at one Operation, the double Rectangle be- 
ing fixed for that Declination, thus : 

Add the Logarithms of the Number 2, and of the 
Co- ſines of the Declination and Latitude together, the 
Sum may be called the fixed Logarithm ; double the 
Logarithm Sine of half the Hour from Noon, and add 
it to the fixed Logarithm, the Sum (rejecting 3 to- 
wards the Left-hand, for the Cube of Radius) is the 
Logarithm of the Difference : Take the natural Sine 
that ſtands againſt it, and ſubtract it from the natural 


natural Sines of the Alritudes ſought. 

If this Difference cannot be ſubtracted from the Sine 
of the Meridian Altitude, it argues the Sun hath no 
| Altitude above the Horizon; in this Caſe ſubtract that 
irom this, and there will remain the natural Sine of 

. e the 


The Arithmetical Complement 7749237 is the ver- 


Sine of the Meridian Altitude, and there remain the 


1 


E: 
, 
| | 
q 
| 
we 
| | 
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the Sun's Altitude for the like Hour from Midnight in 
Summer, 


Example. Let it be required to calculate the Sun; 
Altitude, when he hath 23? 30“ both North and Sou, 
Declination for the Latitude of London, at 2 and 62 
Clock in the Afternoon, or (which is all one) for ti 
Hours 10 and 7 in the Morning, 


Sine of 380 28/ Compl. Lat. 9.793830 
Sine of 96 30 Compl. of Declin. 9.96239) 
Logarithm of the Number 2 ©. 30 10300 


4 
unn. 


The fixed Logarithm 20.057250 
Log. Sine of 150 doubled, add 18.82 5992: 


The neareſt nat. Sine againſt it is 764290 8.88 32:19 


The Summer Meridian Altitude is 619 587% 
And its natural Sine is 8826743 | 
From which ſubtract 764290 the Difference found 


Remains 8062453 the nat. Sine of 532 4 
The Summer Altitude for the Hours 10 and 2. 
The Winter Meridian Altitude is as - etl 
387, and its natural Sine i 
Subtract the former Difference 764200 
Remains the natural Sine of 10? 30o/ the 
Winter Altitude 1 N c 182 390 
for the Hours of 2 and 10. 


Tit 
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The ſame Day for the Altitude of g and 7. 


Fixed Number 200572595 


| Sine of half the Hour from Noon 
Ing 279 go! doubled F 195688942 


— — 


| The natural Sine againſt it is 4228819 3962615 537 
Te Winter Meridian Altitude 25881 90 


4 Reſts 164062 9 © the nat. Sine 
"oy 26, Summer Altitude for 5 in the Morning, 


or 7 at Night. 


The Suramer Meridian Altitude as before 8826743 
The former Difference 42288 81 9 


Reſts the natural Sine Sine of 270 227 4597924 
Wh Summer Altitude for 7 in the Morning, or 5 in 
Mie Afternoon. 

The Side ſought may be greater than a Quadrant, 

and ſo be doubttul ; bur we may determine, 

That when the Low are of the ſame kind, and the 

\ngle comprehended acute, the Side fought ! is leſs than 

a Quadrant. 
| And when the Legs or containing Sides are of a dif- 

erent kind, and the Angle obtuſe, the Side ſought is 


preater than a Quadrant. 


* 
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CAS K. 


Two Angles B and C, and the inter jacent Side B( 
being given; to find the third Angle D. 


Let the Angles B be 1045 
C 369 o8/, and BC 309 oo, 

In the Triangle ABC, there 
is given the Angle ABC, and 
the Hypothenuſe BC; to find 
the vertical Angle ACB. 


As ct. ABC 76 oo! 9.3967) 
OA To Radius 10. 
So is cs. BC 30 oo! 9.9375; 


To ct. ACB 16? 04“ 10. 340% 


Add ACB 169%. 04/ to BCD 362 o8/, the Sum is 52 
12, the whole Angle ACD. 
Then in the Triangle ABC, the oblique Angles, 
and the Perpendicular AC being compared, the Comp, 
of the Angle ABC is the middle Part, and the Comp. 
of the Angle ACB, and AC are Extremes Disjunct; 
and in the Triangle ACD, the Angle D is the midde 
Part : therefore it will be, 


As s. ACB 160 04 
To cs. ABC 76 oO 
So iss. ACD 52 12 


Ar. Com. 0.55790} 
9.38367 
9.897712 


— — — 


To cs. D 46 19 9.83929 
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ubtrai 
cnt t 
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Mr. Collins delivers theſe following Proportions to 
ſolve this Caſe. 


1. If both the Angles are equal, it will be, 


As Radius to the Sine of the Angle given, ſo is the 
Co- ſine of half the given Side, to the Co-ſine of half 
the Angle ſought. 


un all other Caſes not belonging to right . 
Triangles, 


Ie one or both of the given Angles be acute, it holds, 


As the Radius to the Co-ſine of the interjacent Side, 
So is the Tangent of the leſſer Angle, to the Tangent 
bf a 4th Arch. 


f the interjacent Side be more than 90, ſubtract che 
With Arch from the other Angle; but if leſs than 900, 
btract the 4th Arch from the other Angle's COME 
at to 180%, noting the reſidual Arch. 

© Ie 

Asthe Co- ine of the 4th Arch, to the Co- ine of the 
urch remaining; 

bo the Co- ſine of the leſſer Angle, to the Co-ſine of 
Wc Angle ſought. 

When the interjacent Side is leſs than a Quadrant, 
d the reſidual Arch more; or when the interjacent 
de! is greater than a Quadrant, and the reſidual Arch 
ls, the Angle ſought is obtuſe; in all other Caſes 


Cute. 


11 ˙ĩð 


W 


ö „ , Egg CR 
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In the Triangle © ZP, let there be given 


Example. 
3 the Angle of Poſition 


© 21 28/; the Ange at The 
P the Hour from Nom IE 
330 47 - and the Sid 
© P, the Sun's diſtance 
from the elevated Pole 
103? oo/, to find the Sun 
Azimuth OZ. 
As Radius to cs, of 779 oof (the 
Compl. of 1030) 9 5 9.35 2055 
So is t. Z OP 219 287 9.594630 
To t. of the 4th Arch 52 030 8.946% 165 
From 389 47/ the greater Angle, 1 X 
Subtract ; 03 the 4th Arch. 5 
Remains 28 44 the reſidual Arch. _ 
Diff. 
Then, 
As cs. of the 4th Arch 55 03/ Ar. Com. 0.0016 Th 
To cs. of the reſidual Arch 280 44 9.942933 
So is cs. of the leſſer Angle 21 28“ 9.968771 4 
5 a As t. 
To cs, of 350 000 9.91339 Not. 
| o ist 
Whoſe Complement to 180 is 145®, the Ange 7 
ſought ; this Angle is obtuſe, becauſe the interjacet “O t. 
Side is more than a Quadrant, and the reſidual Ar = 
dels 1 | 


CASE 
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CASE XI, 


The t three Sides BC, CD, and BD, being given; ; fo 
find the Angle D. 


Let BC be 30 oof, CD 24® > 04), and the Baſe BD 
| 427 09. 

BC 202 oof 

(o 24% O4 


Sum 34 1 half Sum 27 02 


ie —ů—ů— dur the Baſe 210 4's 
Diff. 5 56 half Diff. 2 382 


Then to find the Segments of the Baſe, ſay, 


Ws t. of half the Baſe 219 4/Zz Ar. Com. 04141259 
lot. of half the Sum of the Sides 272 02! 9.7077902 
Jois t. of half the Diff. of the Sides 22 o8' 8. 9:7 145345 


rot. of half the Diff of the Segments of 1 
the Baſe 30 56 0 8364506 
Add and ſubtra& 21 04 the half Baſe. 


Sum 2 255 00+ the Segment AB. 


Diff. 17 0842 the Segment AD. 
L 4 Then, 


— 
LT] 


— . — —— ——— _-— > - 
K 


— 


— 
. 7 7 , 
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Then, 

As Radius to t. AD 179 o8'; 9.489 1635 

So 1s ct. CD 249 04 10.3500;8; 


Lens awd 


Ly = 
l l \ 
a _ | i a =_ 
. on = 


To ct. the Angle D 46 19/ 9.8 39223} 


Again, 


In the Triangle BCD, let 
the Side BD be 24® 04; bc 
300 oof, and DC 24 9; 
and let the Angle D be re. 
quired. 

_ Halt the Baſe BD is 12 
02/, and 

Half the Sum of the 
Sides 36® 4'/;, and 

Halt the Diff. of the Side 
69 4/ 


Then, 
As t. of half the Baſe 120 o2/ Ar. Com. 0.6712847 
To t. of half the Sum of the Sides 36® 04 7 9.862450 
So is t. of half the Diff. of the Sides 604 9.020550 


To t. of half the Diff. of the Seg- 
ments 19® 59/ 
Add the half Baſe 12 02 


Sum 32 255 the Baſe DA. 


5 3 560755 


Again, 
As Rad. to t. Baſe AD 329 O1 9. 7960705 
So is ct. DC 420 09/ | 10.0455] 
To cs. of the Angle D required 4618 9. 8 393470 


1 


| Half 


100 2 
equi. 
angle 
Differ 
2 req 


Th 


ments 
that t 
Sum e 
quired 
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Jo ſolve this Caſe without a Perpendicular, by the 
| 4th Axiom. | 


In the T riangle © Z, 


2 
et O Z the Complement 2 — 
of the Sun's Altitude be 5 Doe 
500 O0, © P 75? oo' the | | 
Sun's diftance from the + 
5 P 


| elevated Pole, and ZP O 7 
| 292 00! the Complement 


| of the Latitude; to find the Angle Z the Sun's Azi- 
| muth from the North. | 


1. By the firſt Proportion, Page 76. 


| o e oppoſite to Z=752 oO 2 
| 0Z 50 oo the half is oy '$ 37" 300 
2 39 oo | Half Difference add and ſubtract 5 30 


—— 


Diff. 11 oof Sum 43 0 


| —— — 


| Half 5 30 Diff. 32 00 


J 


| Then it wiltbe, As the Rectangle of the Sines of 50? 
oo and 39? oof, the Sides comprehending the Angle 
required, is to the Square of Radius; ſo is the Rect- 
; angle of the Sines of 4.3% oo! the Sum, and 322 oo the 
Difference, to the Square of the Sine of halt the Angle 
| required. | 

| Therefore, firſt ſet down the Arithmetical Comple- 
nents of the Sines of the containing Sides, and under 
that the Sines of the Sum and Difference; half the 


Sum of all them will be the Sine of half the Angle re- 
| quired, Thus: | RE 


OZ 


® 
—— N 1 
A "© 


_—__—— 


* 
* 


©Z 502% oo . Comp. Arich. ; Sine O.I15746 
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Sine 0.201128 


ZP 39 oo 
The Sum 43? oo' Sine 9.833783 


The Diff. 32 OO Sine 9.724209 | du 
The Sum 19.874866 | wn 
The half of the Sum of the Log. a 7 N Si 
the Sine of 59® 59/ 9.937 bo 
Doubled is 119 58 the Angle Z, the Az.. t 
muth from the North part of the Meridian, 1 
Again, Let the. Angle P, the Hour from Noon, be : Baſe 
required. REY | The 
oP 7 "In 007 O 8 to P 50*%00!, the 25 00 | Half 
ZP 39 whe Bana Diff. add and ſubtract 18 00 | Dif 
Diff. 36 oo Sum 43 oo if 
Half 18 00 Diff. 7 00 
P75 oO of the Sine o. o 15050 
ZP 39 oo Comp Arichm. | of the Sine 0.20112) WF yh 
The Sine of the Sum 43% 9.83373; (lic 
The Sine of the Diff. 76 9.085 . 
Sum I 9: 1 35861 | * 
— Wh 


HM 9.567% Eu. 


Doubled is 43 24 the Angle}, 
which is the hour from Noon, that is 53 min. 36 ſe- 
conds paſt 2 in the Afternoon; or 6 min. 24 ſec. pal br. 
9 if it was in the Morning. ; 


2. bf 


— = 
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2. By the ſecond Proportion, Page 59. 


Add all the three Sides together, and take half the 
| Sum, and from that ſubtract the Baſe (or Side oppo- 
| ſite to the Angle required) then, 
| Asthe Rectangle of the Sines of the comprehending 
> Sides, is to the Square of Radius; ſo is the Rectangle 
of the Sines of the half Sum and Difference, to the 
Square of the Co-ſine of half the Angle required. | 


©Z 502 oof ©Z 502 o Ar Com. o. 115746 
2P 39 oo|ZP 39 oo Ar. Com. 0.201128 
Baſe OP 75 oo | Half Sum 822 oof Sine 9.995753 

; Diff. of the Baſe and 838 
The Sum 164 00 \ halt Sum, Sine Bs > cl 


| Half 82 oo! | Sum 19.348521 
j | — 


br 7 00} LS 


Which doubled is 6o 02 whoſe Com- 
plement to 1801s 1190 387, the Angle 
Z, the ſame as before. 


| This Caſe is uſually folved upon the Sliding Rule, 
or upon Gunter's Scale, by the Method following, 
{(Which is the ſame in Effect as the Proportion above) 
uz. 
As Rad. to one of the containing Sides 50®, ſo is 
che other containing Side 399 to a fourth 289 49/. 
Then again, | : 
As that fourth to the half Sum of the Sides 829, ſo 
s the Difference 7 to a ſeventh Sine 14 3o! ; then 
civide the ſpace between 149 300 and go into two equal 
Parts, the middle Point between them will be at 30? 
01, half the Complement of the Angle, as before. 


But 
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But if you have verſed Sines upon your Rule, You 
will find againſt the Sine of 145 3o', the verſed Sine of 


1190 58, the Angle required, the ſame as before. I 
3. By the third Proportion, Page 80, 4 
Where it is, As the Rectangle of the Sines of the | 
half Sum of the three Sides, and of the Difference of ME 
the Baſe, and the ſaid halt Sum, 1 the 
To the Square of Radius ; 3 ” 
So is the Rectangle ot the Sines of the halt Sum of“ 
the Baſe, and Difference of the Sides, and of the Dif. ME 
rence of the Baſe and Difference of the Sides, I 
To the Square of the Tangent of half the Angle ſought, the 
5 © Z 50 oo half the Bale 37 300 © Z 50" 0s! chus 
RY ZP 39 oo half diff. of Sides 5 30 ZP 39 oo nen 
1 | Sum 43 oo( Baſe G P 7; o e 
5 f [ Diff. 11 00 — F 
1 — — Diff. 32 00 Sum 144 00 of tl 
4 | Fi Half 5 30 — 29 other 
: Thy Half 82 0 tte 
Wl. it. 
y 1 Diff. 7 0 
1 — 98 
Yb alf the Sum of the three Sides 822 oof} _ ABC, 
1 ” Sine Ar. Com. O. O0, ef = 
i Diff. of the half Sum and the Baſe 7 00 each“ 
il Sine Ar. 3 0.914106 to its 
\ Half Sum of the Baſe and Diff. of tet 82277 firſt ; 
Sides 430 oo! Sine 9.53370 lat, i 
Half the Diff. of the Baſe, and Diff. of 0 24209 gle 
the Sides 320 o Sine 91 Mew 
| * — ä —- ides 1 
20.4763 Ne the 
— te 
Half the Sum is the Tangent of 390 59/ end th 
half the 2 5 10.2351, Un the f 
— 1 {, 


doubled 119 58 is the Angie 
Z. required. CASE 
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C. AS E XII. 


The three Angles given, to find the Sides. 


Let the Angle Z the Sun's Azimuth be 1199 58', 
| the Angle P the Hour from Noon be 430 24/, and the 
| Angle of Poſition at © be 34 22/; to find the Com- 
| plement of the Latitude ZP. 


| Firſt, We mult reduce 
| the Angles into Sides, 
E thus. Take the Comple- 
ment of the greateſt An- 
Cole 1199 58, and that 
vill be the greateſt Side 
Jof the new Triangle, the 
other two Sides will be 
the ſame as the other two remaining Angles. See De- 
knit. 6. Chap. 6. 


So the Sides of the Triangle | 
ABC, are equal to the Angles "6 AD 


W of the other Triangle © ZP, 5 I OI 
aach Side of the laſt Triangle de \; 


to its oppoſite Angle in the „ \ 
(firſt ; only the Side AB in the . B 
at, is the Complement of the | 
Angle Z in the firſt to 180: fo 
likewiſe will the Angles in the latter be equal to the 
qoides in the former, but the Angle C in the latter will 
be the Complement of the Side © P in the former. 
Having thus reduced the Angles into Sides, we may 
find the Angle A, which will be equal to the Side ZP 
n the former Triangle, by any of the Proportions in 
the fourth Axiom, or by letting fall a Perpendicular, 
as in the laſt Caſe. 


By 
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By the firſt Proportion, Axiom IV. 


AB 60 02/ Halt the Baſe C 17 117 
AC 43 24) halt Diff. add and ſub. 8 19 


Diff. 16 34 ( Sum 25 30 
Half 8 19 Diff. 8 52 


The Side AB 60 02“ Sine Ar. Com. o. o6 324 
The Side AC 43 24 Sine Ar. Com, © 162986 
The half Sum of the Baſe and Diff. of 


| the Sides 25? go! Sine d 9.033984 
The halt Diff. of the Baſe and Diff. of the 
Sides 8 52 Sine $ 9.18790 


— 


19.047100 


The half Sum is the Sine of half the 
Angle A 19? 300 a 9.523594 

doubled is the Angle A 39 00 
Again, let the Angle C (equal to the Comp of the 
Side O in the firſt Figure) be required, 


By the fecond Proportion, Axiom IV. 


Baſe 60? 02/) AC 430 24/ Sine Ar, Com. 0.162985 
43 24 | BC 34 22 Sine Ar. Com. 0248346 
34 22 The half Sum 68 54! Sine 9.969860 
The Difference 8 52 Sine 9.15790} 
Sum 137 48 „ . 


Half 68 174 | 3 


Diff. 8 524 
Half Sum is the Sine of 379 300 9.784549 
Which doubled is 55 oo the Side O] 
W hoſe Complement to 180, is the Angle C. The 
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The Firſt, Second, Fifth, Sixth, Seventh, and 
Fighth Cafes, may be term'd the doubtful Caſes, be- 


cauſe that three given Terms are not ſufficient Data 


to find one ſingle Anſwer without the quality of a 
fourth : which 1s thus demonſtrated. 


Let ADand AC be 
two equal Sides 1n- 
cluding the Angle 
Dc, and both of 
them leis or greater 
than a Quadrant. 

Draw thro* the 
Points C and D, the 
Arch of a great Cir- 
cle CD; continue it, 
and draw thereunto another Arch or Side from A, 
namely AB, neither thro' the Poles of the Arch CD, 
nor thro? the Poles of AD, fo that the Angles B, and 
BAD may not be right Angles, nor the Angle ADB : 
f then each of theſe Sides AD and AC, be leſs than a 
Quadrant, the two Angles C and ADC will be acute; 
and if theſe two Arches be greater reſpectively than a 
Quadrant, the two Angles C, and ADC, will be ob- 
mule; whence it comes to paſs, that the Angle ADB 
8: obtuſe, when the Angle ADC is acute, and the 
Contrary : Now foraſmuch as AD and AC are equal 
o each other, the other Data, viz. the Side AB, and 
e Angle at B, are common to both; for in each Tri- 
Þ'gle ABD, and ABC, there are given two Sides, with 
he Angle at B, oppoſite to one of them: Now theſe 
re not ſufficient Data to find the Angle oppoſite to the 
ther Side, which may be either the acute Angle C, 
the obtuſe Angle ADB, the Complement thereof to 
Semicirele: Nor to find the third Side, which may 
either BD, or the whole Side BC ; nor the Angle 

dluded, which may be either BAD or BAC : there- 
re in thoſe three Caſes we have required the N 
of 
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of the Angle oppoſite to the other given Side A}, 
and tho? it be not ſo much obſerved in letting fall Per. 
endiculars, without the knowledge of the quality a 
the ſaid Angle, it could not be determined whether th; 
Perpendicular would fall within or without the Tria. 
ole, nor whether the Angle found in the firſt Caſe, by 
the thing ſought, or its Complement to 180; nor 
whether the Angles or Segments found by the firſt and 
ſecond Operations in the other Cales, are to be added 
together, or ſubtracted from each other, to obtain the 
Side or Angle ſought. 
So alſo two Angles, with a Side oppoſite to one d 
them, are not ſufficient Data to obtain a fourth thing 
in the {aid Triangle, without the Affection of the Sit: 
oppoſite to the other given Angle. 


Let AB and AC be two unequal Sides containiny 
the Angle BAC, both together equal to a Semicl- 
cle, one being greater, the other leſs than a C 
drant ; draw thro' the Points B and C, the Arch ct 

rear Circle BC; continue it, and draw thereto tt 
A another Side AD, but not thro' the Poles of AL 
nor thro' the Poles of BC; fo that the Angles D, ® 
CAD may not be right Angles, nor the Angle AU 
a right Angle; for if it were a right Angle, the Ang 
ABC, whereto it is equal, ſhould be alſo a right Ang* 
and ſo the two Sides AB and AC, by reaſon oft 
Right Angles at B and C, ſhould be equal, and * 
Quadrants contrary to the Suppoſition. Nov 6 
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the Angles ACD and ABC are equal, may be thus 
proved : Suppoſe the two Sides AB and BD to be 
continued to a Semicircle at E, then will the ſaid 
Angle be equal to its oppoſite at B ; the Side AC by 
{ Suppoſition is equal to the Side AE, the Complement 
ol the Side AB to a Semicircle : but equal Sides ſub- 
| tend equal Angles ; therefore the Angle at C is equal 
to the Angle at B, or at E: which being admitted, 
retaining tke Side AD and Angle at D, we have ano- 
ther Angle oppoſite thereto, either C or B, which are 
equal and common to hoth Triangles; and ſo, if the 
| Side oppoſite to the given Angle at D, were ſought, 
a double Anſwer ſhould be given, either the Side AC, 
or the other Side AB, its Complement to 180: and 
| the interjacent Side might be CD or BD, and the 
third Angle the leſſer Angle CAD, or the greater 
Bab. So it is plain, that by only the three Terms 
given, theſe Caſes are doubtful without the affection 
| of a fourth. 

In all ſuch Caſes, where the affection of the Side or 
Angle required is not known, it will be the beſt way 
to delineate the Triangle truly; and by that you may 
commonly . diſcern whether it be more or leſs than a 
| Quadrant. How to delineate any Triangle by the 


| three Terms given, ſhall be ſhewed in the next 
| Chapter. 


1 ſhall next ſhew how to vary the ſecond Propor- 
tions in each of the Ten firſt Caſes : Which may be 
cone by the Theorems laid down in Page 108, &c. 


The firſt Proportions being right angled Triangles, 
the Variations are already ſhewn. | 


M 1 CASE 
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CASE I. 


| The Proportion is, 
| As s. BD: s. C: : s. CB: s. D. But it may be, 


| = 4 
| As ſe. c. C: ſe.c.BD :; s. CB: s. D. By the Invet WF A 
= | of Theor. 6th. 4 
And As s. C: s. BD: : fe. c. CB: ſe. c. D By the 5th. 
As ſe. c. BD: ſe. c. C:: fe. c. CB: ſe. c. D By Th 
the 4th. : | 
CASE ll. A, 
Ihe Proportion is, Fo 
As s. C: s. BD: : s. D: s. CB. But it may he, As 
As fe. c. BD: ſe. c. C:: 5. D:; 8. CB By theb Mo 
verſe of Theor. 6th. 
And As s. BD:s.C: :fe.c. D: ſe.c. CB By the 30. 
As ſe. c. : ſe. c. BD:: ſe. c. D: ſe. c. CB By the i 
1 As 
The ſecond Proportion is, — 
A 8. ABict- B:; 5. AD: et. 
As t. B: ſe. c. AB :: s. AD : ct. D By the 7th Theo: 
As ſe. c. AB: t. B:: ſe. c. AD t. D By the 7th Then 
ASE V. AS 
| As! 
The ſecond Proportion is, As: 
As es. ACB : ct. BC : : cs. ACD: ct. DC As f 


As t. BC: fe. ACB: : cs. ACD: ct. DC By the jt 
As ſe. ACB::t.. BC: : ſe. AD: t. DC: By the 506 


— CC EE CA —— 


3 
C 4 


— — - . » — O—_— 
— — 
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The ſecond Proportion is, | 


As ct. BC: cs. BCA: : ct. CD : cs. ACD 
As ſe. BCA: t. BC :: ct. CD: cs. ACD By the Inverſe 
As t. BC: ſe. BCA :: t. CD: fe, ACD of the 7th The. 


CASE VI. 


The ſecond Proportion is, 


As cs. BC : cs. AB : : cs. CD : cs. AD : 
As ſe. AB: ſe. BC : : cs. CD: cs. AD By the 6th Theo. 
As cs. AB: cs. BC : : ſe. CD: ſe. AD By the 5th 
As ſe. BC: ſe. AB : : fe. CD : ſe. AD By the * 


CASE VII. 


The ſecond Proportion is, 


As ct. B: s. AB: : ct. D: s. AD 
As ſe. c. AB: t. B: : ct. D: s. AD By the th Theor. 
As t. B: ſe. c. AB:: t. D: ſe. c. AD By the 7th. 


ASE NN 


The ſecond Proportion is, 


As cs. B: 3. ACB:: cs. D: s. ACD 

As ſe. c. ACB : ſe. B:: cs. D: 8. ACD By the 6th, 
As s. ACB: cs. B:: fe. D: ſe. c. ACD By the 5th. 
As ſe. B: ſe. c. ACB : : ſe. D: ſe. c. ACD By the 4th. 
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| CASE IX. 


The ſecond Proportion is, 


As cs. AB: cs. BC :: cs: AD: cs. CD 

As ſe. BC: ſe. AB:: cs. AD: cs. CD By the 6th Theo. 
As cs. BC : cs. AB:: ſe. AD: fe. CD By the 5th. 

As ſe. AB: ſe. BC:: ſe. AD: ſe. CD By the 4th. 


CASE X. 


The ſecond Proportion is, 


As s. ACB: cs. ABC:: s. ACD: cs. D 
| As ſe. ABC: ſe. c. ACB :: s. ACD: cs. D By the 6th 
* As cs. ABC: s. ACB: : fe. c. ACD: fe. D By the 5th. 
| As ſe. c. ACB. fe. ABC:: fe. c. ACD: fe. D By the 4th. 


Thus have I ſhewed all the Variations, and ſuff- 
ciently explained all the Caſes both in right and ob- 
lique angled ſpherical Triangles : I ſhall next ſet down 
a Synopſis of all the Caſes in both. 


8 by _ 
. 


. —·— — — 
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ASYNoPs1s of the Sixteen 
Caſes of right angled Spherical 
Triangles, and their Proporti- 
ons: 


dh . „ — 
2 ä 


— — — 


Note, That the middle Part in this Synopſis, whe? 


ther given or ſought, is noted with Italick Let- 
ters. 


Caſey 


166 Spherical Trigonometry, Part l. 


—— Given | Req. |_ Proportions. 8 
. |AC a| 8. AC A Be 
00® : 16*21':: 40% oof 25%48 
= | Ae. | BC | CALLS; C:t . 
DE 46 31:90:: 6000 27 48 
III. AC. A | C ct. A: R. cs. Ar ct. C 
— 4000: 90 :: 46 31: 6000 
IV. ac 11 R: : s. BC: s. A 
1 Af 46 31:90:: 27 48: 4000 
v. AC.BC | 5 'R: ct. AC: :t. BE: cs. C 
_ | 90: 46 31 2: 27 48: 60 oc 
VI. AC-AB | 1 AB: R: cs. 40: cs. BC 
a 38 56 : 90: : 46 21 : 27 48 
(VII. | pc.A | 4B | © R ct. Ar t. BC: 5 AB 
90: 4000 :: 2748: 38 56 
VIII. BC. 4 o 
| 27 48:90 :: 40 00: 60 00 
Ix. | xc al ac] SAR ::5. BC: s. AC” 
| | 4000: 90: :27 48: 46 31 
AB. A Bo ct. A: KR: s. AB: CE 
EL | 40 00:90: : 38 56: 274 48 
x rc fer Ca 1 
e | 90: 27 48 : :60 O0: 40 00 
XI. ABA | AC t. AB: R os. H ct. AC 
Fo | © | 38 56: 90::4000:4631_ 
XIII. I. SCI 4 | t. 1 BC: s. AB:: R ct. A 
— | [ 2748: 38 56::90: 40 
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Synopſis of the Firſt Ten CAS Es of 
oblique angled ſpherical Triangles. 
See the three following Figures. 


ales GivenJReq. ] ' Proportions, SS 
1 BD. | DBD: s. C 8. BC s. D | 
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Shewing hw to reſoalve all the Caſes both of rigit 
and oblique angled ſpherical Triangles by Projetl:- 
en; that is, to project any Spherical Friangle H 
anſwer any of the Caſes in ſpherical Trigonmt- 


try, by what is given in each Caſe. 


Efore I begin with the ſeveral Caſes, it will be ne 
ceſſary to ſhew how to project any Angle with: 
i in a primitive Circle, according to any number of De 
9 grees given; and allo to project any greater or leſſer 
ii Circle of the Sphere, and to find its Pole, and b 
| meaſure any part of a great Circle; and to mealure 
|! any ſpherical Angle, Sc. 


PRC 


. ² m ²˙» ˙¹wm m — 
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PROBLEM I. 


To find the Pole of any great Circle, 


In this Problem are three Caſes. 


CASE 1. The Pole of the primitive Circle is re- 


uired. 
; By Definition the ſecond, the Pole of a great Circle 
is 90 Degrees from it, therefore the Center of the 


primitive Circle 1s the Pole thereof. 


| 


: 


CASE 2, The Pole of a right Circle is required. 


Rule. From the Chords lay 90 Deg. on the primi- ; | 
tive Circle from C or D, both ways, to B or E; ſo g 
13 B or E the Pole required. 


| CASE 3. The Pole of an oblique Circle is required. 
o | | 
Rule, The Pole of the oblique Circle BFE is re- 


red: CD being drawn at right Angles to the 
oblique 
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; C 
oblique Circle, and BE at right Angles to that; «ww Ml 
BG thro' F, and from G lay go deg. of Chords 09 WE ng 
, and draw BH, which will cut AD in a, the Po}. ME 125 
of the oblique Circle required. Or the half Tangent 


or _ Complement of AF, ſet from A to a, gives the 
ole. 


7 4 
Mal. 


To deſcribe a ſpherical Angle, 4 F 


Ar 
R Woot 
In this Problem are two Caſes. 


Bp ich 


CASE 1. To make an Angle whoſe angulr aun. 
Point may be at the Center of the primitive Circle. Ea 
Such an Angle is made in all reſpects like a plan th. 
Angle. 5 Print) 
Example. It is required to make the Angle Dal N 
equal to 230 30/, whoſe angular Point A is the Cen A, 


ter. may 

1. With a Chord of 600 (on the Center A) deſcribe 1 Witt 
the primitive Circle BDEC; draw the Diameter (O Arcl 
thro? the Center, take 230 30“ from the ſame Line of Are 
Chords, and ſer from D to I, and draw AI ; andit 8 the C 
is done. E FE be dia 
| | N E Dot. 
CAS E 2. To make an Angle whoſe angular i 
Point may be at the primitive Circle. ; 

Rule. With rhe Secant of the Angle draw a Circ: WW dro 
within the primitive Circle. 

Example. It is required to project an Angle of 
deg. whoſe angular Point may be at B, in the prim. Cie. 
Live Circle. | cle, a 

From the Center A, ſet the half Tangent of 44 Wo Poin 
(the Comp. of 45®) to F, and with the Secant ol 40" Wc Circl 
let from F upon the Diameter CD (extended if need be e' the 
Jeſcride the oblique Circle BFE, which {hal} cut th | mitive 
primifive Circle in the Points B and E, 1 Fo" the e 


— 
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angles CBF and CEF, each equal to 46 deg. as was 
equired. 


PROBLEM III. 


| 5 draw à great Circle thro' any Point, fo that it | 
Kul! make any given Angle with the primitive Circle. 


Rule. With the Tangent of the given Angle, and 
hne Foot in the Center of the primitive Circle, ſtrike 
n Arch; and with the Secant of the Angle, and one 
Woot in the given Point, croſs the former Arch; 

Which croſſing will be the Center of the Circle to be 

[4 il. 

Example. Let it be required to draw an oblique Cir- 
g thro' the point L, ſa that it may make with the 
1 _ Circle an Angle of 500 oo. 

Nete, That the point L uſt be ſo far from the Cen- 
br A, that the Tangent from A, and the Secant from 
þ may in cerſect each other 3 otherwiſe it is Impoſſible. 
With the Tangent of 509, and one Foot in A, ſtrike 
Arch 4 4; and with the Secant of 500, croſs it with 
de Arch þ 51 in the Point Z; ſo hall Z. be the Center 
the Circle PLK required to be drawn; and if K and 
be diametrically oppoſite, it is truly drawn, other- 

* not, 


PROBLEM IV. 


b drow 4 great Circle thro any two Points, given 
within the primitive Circle. 


ale. Draw a Line thro' the Center of the Primitive 
eee, and alfo thro? one (always the remorteſt } of ric 
Wo Points ; produce that Line till it cut che prun 
We Circle: croſs it at right Angles with another Line 
the Center; and where this laſt Line c the 
| mitive Circle, draw a Line from that Poiryy. ang 
Jo the given Point, which the other ! ine paſl e Athro 


Ur. 
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on this laſt Line from the Point in the primitive Cir 
cle, erect a Perpendicular; and where that cuts the 
firſt Line extended, is a third Point: then (by 5 Pr 
4 Lib. of Eucl.) draw a Circle thro? thoſe three Point 


Example. Let it be required to draw a great Cit 
thro? the two Points D andE. 

Thro' A the Center of the primitive Circle, and L 
one of the given Points, draw the Line BC extended 
at pleaſure; and draw FK at right Angles, and dn 
DF; and upon F erect the Perpendicular FI, cutting 
the Line BC (extended) in I; then thro? the three 
Points D, E and I, draw the Circle HDEI, which 
cut the primitive Circle in G and H diametrically 0p 
polite. 


PROBLEM V. 


To draw a great Circle perpendicular to, or at righ 
Angles with à given great Circle. 


* 


A General Rule. Draw a great Circle thro? the Pole 
of another great Circle, and it will be at right Ange 
with it. See Den. 3. 


1 
[i 


EA: 
d a righ 
This 
angles 


pd C b 


AS 


gles t 
Let B 
lique ( 
Draw 
dd it is 
ircle ſh 
cle, d 


Suppo 
angent 
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In this Problem are Four CASES. 


CASE 1. To draw the right Circle BAD at right 
angles with the primitive Circle BCDE. 
Draw the right Line thro the Center A, and it is 


Ye. 


CASE 2. To draw a right Circle perpendicular 

d a right Circle. | 

This is done by drawing the Diameter EC at right 

ngles to the given right Circle BAD, the Points E 

pd C being the Poles thereof. 

ICASE 3. To draw an oblique Circle at right 

gles to a right Circle given. 

Let BAD be the given right Circle ; to draw the 

lique Circle EFC. | 

Draw the oblique Circle thro? the Poles E and C, 

d it is done. If it be required that the ſaid oblique 

Ircle ſhall make a given Angle with the primitive 

cle, draw it, as by Caſe 2. Prob. 1. thus. 

Suppoſe it to make an Angle of 400, ſet off the half 

angent of 502 (its Complement) from A to F, _ 
| | tne 


Circle ſhall be drawn, ſo as to make a given Ar 
with the primitive Circle, then draw a Circle by H 
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the half Tangent of 402, ſet from A downwards t, 
that Point will be the Pole thereof; and the Secantslf 
from F to b, and upon & as a Center, ſtrike the Cir 
EFC, which ſhall cut the right Circle BAD at reh 
Angles, and the primitive Circle with an Angleof 05 
as was required. | 

CASE 4. To draw an oblique Circle at right 4 

les to a given oblique Circle. 

Rate. Find the Pole of the given oblique Cir: 
and thro* that Pole draw a Circle that may cut t 
primitive Circle diametrically oppoſite ; and i 
done. 

Zramęle. Let it be required to draw another oblig 
Circle at right Angles to the oblique Circle EFC, 
the laſt Figure. | 

Draw the Diameter GH, and draw a Circle throy 
the three Points G, a, , and it will cut the Circle EH 
at right Angles in the Point I, à being the Pole of d 
Circle EC, as aforeſaid. _ ga 

Note, That if the Point I, in the oblique Circ: 
limited, then draw a Circle thro' I, and the Pol: 
by Problem 3. Or if it be required that the obly 


tem 2. 


PROBLEM VI. 


To lay any number of Degrees on any great Gr 


obliqut 


| {ule 

In this Problem are three Caſes. MW the 

CASE 1. To lay any Degrees on the prioiend re 
Circle. 5 help of 
Rule. This is done from a Scale of Chords, UW Za; 


to lay 400 from B, in the following Figure, tai HI rowa 
from the Scale of Chords, and ſet from B to G Lay 
it is done. | . Nitive 
CASE 2. To lay any number of Degrees on , a1 
Circle. | BY 
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Rule. This is beſt done by a Scale of half Tangent 
ſet from the Center of the primitive Circle, 

Example. Let it be required to lay 30 degrees from 
the Center A upon the right Circle BAD. Take 50 
from the Scale of half Tangents, and ſet from A to 
F; and it is done. 

This may alſo be done hy a Scale of Chords, thus: 

Take 50 from the Scale of Chords, and ſet from E to 
G, and lay a Ruler from C to G, and it will cut the 
right Circle BAD in F; ſo is the point F 50 degrees 

from the Center A. a | 


| CASE g. To lay any quantity of Degrees on an 
oblique Circle. | 
Kue. Find the Pole of the given oblique Circle; 
ey the number of Degrees on the primitive Circle, 
and reduce it from that to the oblique Circle by the 
help of its Pole. | 
Example. Let it be required to lay 51 degrees from 
1 towards B, in the oblique Circle BHD. 
Lay a Ruler from B to H, and it will cut the pri- 
uwe Circle in 5; then from 5 ſet 900 of Chords 
% and lay a Ruler from B to c; and it will cut 


the 


1 
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the Diameter EC in ; ſo ſhall à be the Pole of tie 


Circle BHD; or if the half Tangent of the Compt. cl 
ment of AH be ſet from A towards E, it will {1 
upon the ſame Point @ : then from C, ſet 31 (taken th 
trom the line of Chords) upwards to d; then lay: P. 
Ruler upon @ and 4, and it will cut the obliq: C. 
Circle in ; ſo ſhall H e. contain 31 degrees, as wy be 
required. | * 
me 
„„ PROBLEM YIL ty 
cu 
To meaſure any part of a great Circle, 1 Li 
This Problem is the Converſe of the laſt, and hs * 
likewiſe three Caſes. | 0 
=o 1. To meaſure any part of the. primitive Wi xl 
. Circle, . | 1 
Rule. Take the part to be meaſured in your Com. 10 
paſſes, and lay it upon the Scale of Chords, and you the. 
will ſee how much : Thus, if EG be meaſured upa 
the Scale of Chords, it will be found to be 50 degress, 
CASE, 2. To meaſure any part of a right Circi:. 
Rule, If the part to be meafured lieth next tir 
Center of the primitive Circle, meaſure it upon tir 
firſt part of the Line of half Tangents; and if it |! 
next the primitive Circle, meaſure it upon the latte 
part of the half Tangents from go downwards, Thus A 
if AF be meaſurcd upon the Line of half Tangent the / 
from the beginning of the Line, you will find it to be 17 . 


30 deg. but if BF was to be meaſured, it will reach 
from 90 to 500, ſo that it will contain 40% _ Or, 
You may meaſure a part of the right Circle ij Sides, 
Chords in the primitive Circle, thus: Lay a Rui gle. 
from E (one of the Poles of the right Circle Bal 
and the Point F, and it will cut the primitive Cir: 
in d; the meaſure Cdupon the Chords, and you Wl 
find it 300, as before. 


cas 


** by 
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CASE 3. To meaſure any part of an oblique Cir- 


cle. 

Rule. Find the Pole of the given oblique Circle, 
then lay a Ruler to the Pole and to the extremity of the 
Part to be meaſured, and reduce it to the primitive 
Circle, and ſo meaſure it upon the Scale of Chords, as 
before. 

Example. Let H e, in the oblique Circle BHD, be 
| meaſured. Upon (a) the Pole, and (e), the Extremi- 
| ty of the part to be meaſured, lay a Ruler; and it will 
cut the primitive Circle in (d); meaſure C d on the 
Line of Chords and you will find it 309. 
| Again, Suppoſe the Arch eg (in the oblique Circle 
| BHD) was to be meaſured ; lay a Ruler from the Pole 
(a) to (e), and it will cut the primitive Circle in (d); 

and lay the Ruler from (a) to (g), and it will cut the 
primitive Circle in (4) ; then meaſure d upon the 
Line of Chords, and you will find it 80? go, which is 
the quantity of e g required. | 


PROBLEM VIII. 


To meaſure any Spherical Angle. 


In this Problem are four Caſes ; and this is 

A General Rule. A ſpherical Angle is meaſured by 
the Arch of a great Circle, intercepted between the 
two containing Sides, the angular Point being the Pole 
of that Circle. | 

Or, The diſtance of the Poles of the containing 
* is equal to the meaſure of the contained An- 
gle. | 

CASE 1. To meaſure an Angle, when the angu- 
lar Point is the Center of the primitive Circle. 


N. | Rule. 


— ——— — — 
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Rule. Such an Angle is meaſured on the primitive 
Circle by a Line of Chords. 
Example. Let the Angle GAC be to be meaſured, 


Take CG, and meaſure it upon the Line of Chord, 
and you will find it to contain 50? gol. 


contai 
Let 
| La) 
4 Poles | 
che pr 
C {ure t! 
you w 
Angle 
CASE 2. To meaſure an Angle, when the angy- Def 
lar Point is at the primitive Circle, Sphere 
Rule. Find the Poles of the two containing Sides; M great ( 
the diſtance of thoſe two Poles, is the meaſure of te 
required Angle. 
Example. Let the Angle FBH be tobe meaſured ; i 
the diſtance of A (the Pole of the primitive Circle) CA 
and (a), the Pole of the oblique Circle, be meaſured tive Ci 
upon the Scale of half Tangents, you will find itto Rul: 
contain 389. Or if EI be meaſured upon the half Ta: the Po 
gents from go, it will contain the ſame. Circle, 
CASE 3. To meaſure an Angle, when the ang Exa 
lar Point is not in the Center of, nor at the primitive WM rallel t. 
Circle. COW es Center 


Rule. Find the two Poles of the two containing 
Sides, and reduce them to the primitive Circle; th 
meaſure the diftance of them on the Line of Chords 


Example 


—— — — — ——— — — 
—— 
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Example. Let it be required to meaſure the Angle 
BFH. Lay a Ruler from the angular Point F, and (a) 
the Pole of the oblique Circle BFD; and it will cut 
the primitive Circle in (4) : the diſtance of G (the Pole 
of the right Circle) and () meaſured upon the Scale of 
Chords, you will find to be 64?, the meaſure of the 
Angle required. 

CASE 4. To meaſure an Angle, when both the 
containing, Sides are Circles, 

Let the Angle LOD be meaſured. 

Lay a Ruler from the angular Point Q, and the two 
Poles of the oblique Circles (a) and (c), and it will cut 
the primitive Circle in the Points d, and g; then mea- 
ſure the diſtance of g upon the Line of Chords, and 
you will find 1t 35 degrees, which is the meaſure of the 
Angle LOD required. 


PROBLEM IX. 
Todraw à Parallel Circle. 


Definition. A Parallel, or leſſer Circle, cutteth the 
Sphere into two unequal Parts, and lieth parallel to 
great Circle. Ko 


In this Problem are three Caſes, 


CASE 1. To draw a Circle parallel to the primi- 
tive Circle. | 

Rule. With the half Tangent of its diſtance from 
the Pole, and one foot in the Center of the primitive 
Circle, draw a Circle. . 

Example. Let it be required to draw a Circle pa- 


rallel to BCDE, and 662 3o' diſtant from the Pole, or 
Center Ka. EL | 


. 


=—_ ———_—_—_—_——— -— — — — —  — _ 


GHIK. 


CAS E 2. To draw a Parallel to a right Circle. 
| Rule. From the Chords, lay the ParallePs diſtance 
from the right Circle, or the Complement thereof from 
the Pol- of the right Circle; ſet alſo the diſtance from 
the Cen of the primitive Circle by half Tangents; 
then wich the Tangent Comp. of its diſtance from the 
right Circle, draw the Parallel thro* thoſe three Points, 

Example. Let it be required to draw a Parallel to the 
right Circle EAC at go deg. diſtance. 

Take 60® out of the Line of Chords, and ſet it both 
ways from B to L, and M, and ſet the half Tangent of 
300 from A to N; then take the Tangent of 60, and 
ict from N, upon the Diameter DB extended, and 
where the Compaſs- point falls, is the Center: ſo iti 
the Compaſſes at that Extent, and upon that Center, 
draw the Circle LNM, which is the Parallel requi 


red. 


. ̃ — IE en 
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With the half Tangent of 66® 3o' ſtrike the Circle 
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CASE 3. Todraw a Circle parallel to an oblique 

ircle. 
F Rule. From the half Tangents lay the Parallel's 
diſtance from the Pole of the oblique Circle both ways, 
and note thoſe two Marks, whole diſtance is the Dia- 
| meter of the parallel Circle; then find the middle be- 
tween thoſe two Marks, and that ſhall be the Center. 
| Example. Let it be required to draw a Parallel to 
| the oblique Circle BOD, at 25 deg. diſtance from it. 
| Find the Pole of the oblique Circle (a), and mea- 
ſure its diſtance by half Tangents from A the Center 
| of the primitive Circle, which ſuppoſe to be 450; then 
add and ſubtract 45 to and from 65® (the Compl. of the 
diſtance) and the Sum is 110, and the Difference 20: 
then from the half Tangents ſet 110 from A, upon the 
Diameter EC extended, which will reach to (6) (a lit- 
te beyond C ;) and ſet 200 from A top, the middle 
between 5 and p is at c, which is the Center: then with 
one Foot in c, and the other extended to p, draw the 
Parallel QR, which will be the Parallel required. 


I ſhall next project the ſeveral Triangles, from what 
is given, and reſolve all the ſeveral Caſes both 
in right and oblique angled ſpherical Trian- 
gles. And firſt, of right angled ſpherical Trian- 
gies, 


CASES 1; 2, z. 


Elere 75 given the Hypothenuſe AC 46% 31', and 
one of the oblique Anzles, ſuppoſe A 40 oo; 
with theſe to make a Reclangle ſpherical Triangle, 
ana to find the other Parts. 


| 1. To make the Triangle ſo, that the given Angle 
PAC may be at the primitive Circle's Center. 
N 3 Having 


182 Spherical Trigonometry. Part] 


Having drawn the I 
primitive Circle, and gen! 
croſs'd it with th and 

: z Diameter, make a find 
: Angle of 40 oc x 1 
* the Center A; and L 
| 2 — pF Y tne half Tangent and 
> 4 N1 of 469 31, from 1 mit. 
of 3 to C, and thro? the upo 
point C; and at right of t 
Angles to AB dray 
the oblique Circle, $86 
2. To make the Triangle fo, that the given Angle 
may be at the primitive Circle. 
The; 
After the primitive 8 
Circle is drawn and a 
quartered, draw the 
oblique Circle (by 
Prob. 2. Caſe 2.) 0 
make the Angle BAL 
40? : and (by Prod. 
9. Caſe 2.) at 400 31 
diſtance from 4, 
draw a Parallel to cu 
the oblique Circle 
C; and thro? C, and 
the Center of tit 
primitive Circle draw BD, to cut AB in B, at 180 
Angles. 
To meaſure the things required. . 
The Sides AB, and BC, arc mcaſured, by P76. b. 
thus. 7 1. 
In Fig. the firſt, AB is meaſured by half Tangent tered 
and BC is meaſured by lay ing a Ruler upon the Pole ol prim 
the oblique Circle (a) and the point C, and it will ci Pole 
the primitive Circle in þ : then meaſure D þ upon the with 


Scale of Chords, and you will find it 25® 480%. — 


/ 
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In Fig. 2. If BC be meaſured upon the half Tan- 
ents from 9o downwards, you will find it 272 48“; 
and AB meaſured upon the Line of Chords, you will 
find 389 564 

The Angle C is meaſured by Preb. 8 thus. 

Lay a Ruler upon the Pole of the oblique Circle (a), 
and upon C the angular Point, and it will cut the pri- 
mitive Circle in (e); the extent from (e) to E meaſured 
upon the Scale of Chords will be 60 oO the quantity 
of the Angle C. 


CASES 4 8.6: 


Niere is given the Hyyothenuſe AC, and one of the 
Sides, ſuppoſe BC : with theſe to make a right 
anzled Triangle, and to find the other Parts, 


1. Having drawn the primitive Circle, and quar- 
tered it, by Prob. 9. draw a Circle parallel to the 
primitive, at the diſtance ef AC 462 317 from the 
Pole A; that is, with the half Tangent of 460 31, 
with one Foot on A, deſcribe the Circle. Again, by 

N 4 Prob. 
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Prob. g. draw a Circle parallel to EF, at the diſtanc* 
of BC 27? 48!, which cuts the other Parallel in C. 
Then by Caſe 3. of Prob. 5. draw the great Circle at 
right Angles to AB, and thro' the Point C, and it is 
done, 

2. To make the Triangle, that one of the oblique 
Angles may be at the primitive Circle. 

Draw a Circle parallel to the right Circle EF (by 
Prob. g.) and at the diſtance of 462 31' from A ; then 
(by the ſame Problem) draw a Circle parallel to the 
primitive, at the diſtance of BC from it, which will 
cut the other in C. Then through the three Points 4, 
C and D, draw the oblique Circle ; and laſtly, dray 
the right Circle BC, thro' the point C, and thro' the 
Center of the primitive Circle. 


Io meaſure the things required. 

The Side AB in Fig. 1. is meaſured by half Tan. 
gents, as in the laſt; and in the ſecond Figure, is mea 

lured by Chords, Prob. 7. 3 
The meaſure of the Angle BAC, Fig. 1. is FG mes 
ſured upon the Chords; and the meaſure of BAL, 
Fig. 2. is FG, and is meaſured upon half Tang 
| | ES ron 


1 
Angle: 
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from go downwards; and the Angle C is meaſured by 
Prob. 8. See the laſt. 


So the meaſure of the Side AB will be found 380 56% 
the Angle A 400 oo/, and the Angle C 60 oo/. 


ͤ—U—— 


CASES 75,8, 9. 


There is given the Side BC, and the oppofite Angle 


A, to make a right angled ſphericdl Triangle, 
and to find the other Parts. 


1. Make the Angle A 40? (by Prob. 2.) by ſetting 
the Chord of 40 from F to H, and draw IH through 
the Center A ; then draw the Circle GK parallel to 
EF, at the diſtance of BC 27? 48', which will cut HI 
in C; then thro? the three Points LCD, draw the ob- 
lque Circle. 


Ba To make the Triangle, that one of the oblique 
Angles may be at the primitive Circle, 


Draw 


3 
— 


— 


ME A — — 4k 


<q N — — 
4 —T — —— — ̃ — — 
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Draw the oblique Circle ACD, making an Angl 
at the primitive Circ 

A of 40? (by Pen 
3. Caſe 2.) Then dra 
a Circle parallel to th: 
primitive Circle x 
279 48! diſtance fron 
it; that is, With th 
half Tangent of 617 
12/ upon the Cent 
of the primitive Ci. 
cle, draw the par:lk, 
to cut the obliqu 
Circle in C; then thi 
C, and the Cente, 
draw the right Cite. 
EB. 

To meaſure what's required. 

The Hypothenuſe AC, and Side BA, are mealuri 
by Prob. 7. 

In Fig. 1. They are both meaſured by half Tangens, 
and in Fig. 2. AB is meaſured upon the Scale of Chor 
and AC is meaſured by reducing it to the primii: 
Circle, thus. Lay a Ruler upon a, the Polc ot tis 
oblique Circle, and upon the Point C, and it wil (ul 
the primitive Circle in 5; then A b, meaſures ug 
the Chords, will be found 469 31': The Angle Ul 
meaſured as before directed. See Pros. 8. 


5 the pr 
CASES ( 


There is given the Side AB, and the adjace!: A 
gle A; to make the right angled ſpherical Tria 
gle, and to find the other Parts. 


. . | 2 0 ucing 
1. To make the Triangle, that the Angle Ai 
be at the Center of the primitive Circle, bY 
| * 
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Having deſcribed the primitive Circle, and quare 
ter'd it as before; make the Angle A 40% « oo! (by. 
Prob. 2. Caſe 1.) 

From the Scale 

of half Tangents 
take 380 56 and 
ſet from the Cen- 
ter A to B, and 
| thro? B (by Prot. 

Caſe 3.) d 
| lite ban Gire Circle 
| at right Angles to 
AB, which will 
cut the right Cir- 
cle AC in C. 


2. To draw the Triangle ABC, fo that the * A 
| | may be at the primitive Circle. 


Draw the ob- 
lque Circle ACD, 83 
Io make an Angle b 

b with the primitive 
Circle at A of 402; 
J then from the Line 
of Chords, ſet 380 
mn from A to B; 
wand by the Point 
B, and Center of 
oy primitive Cir- 
cle, draw the right 
KCircle, cutting AB | 
| bat right Angles | in B; and it is done. 


3 To meaſure what is required. in 
| lic Side BC is meaſured by half Tangents, as be- 3 
Pore directed; the Hypothenuſe AC is meaſured by re- 

Facing it to the primitive Circle, thus. Lay a [ 
| Ruler {| 


The Angle C is meaſured as before, that is, lay, 


188 Spherical Trigonometry. Part | N Cha 


Ruler to the Pole of the oblique Circle a, and to th 2; 
point C, and it will cut the primitive Circle in & ; me. A ma 
ſure A 4 upon the Line of Chords, and] you will find i Wi 


460 31/, and ſo much is the Hypothenuſe AC. 


Ruler upon the angular point C, and upon à the pri. 
mitive Circle in e: then meaſure E e upon the Line d 
Chords, and you will find it 609. 


— — — — — — — 
— 


CASES 13, 14. 


The tuo Sides AB and BC being given, to make i 
right angled ſpherical Triangle, and to find ti: WM 
other Parts. | 


1. Having drawn the primitive Circle and quarter“ 
It, take 380 56' from the Scale of half Tangents, ani 
from A to B, and thro' B draw the oblique Circle a: 
right Angles to AB; then draw a Circle parallel © 
DE, at the diſtance of BC 27 48/ : then throug! 
the Point C, and the Center A, draw the right Circ: 
AC. 


E The } 


—— Fig. 
„„ t to th 

5 D dhe Pole 

: % nd it w 
wat REIT = Ppon the 

Fas j \ Whe An 

. 7 — — * ö Itive C 


2. 10 
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2. To draw the Triangle ABC, ſo that the Angle 
\ may be at the primitive Circle. 

With the half Tangent of 629 12! (the Comp. of 
PC) draw the Parallel; then take the Chord of 380 
-6', and ſet it from A to B, and draw the right Circle 
from the Point B, and thro? the Center, to the Parallel 
in C; then thro* C draw the oblique Circle AQ. 


To meaſure the things required. 

The Hypothenuſe AC is meaſured by half Tangents 
n Fig. 1. and in Fig. 2. AC is meaſured by reducing of 
It to the primitive Circle, by laying a Ruler upon a, 
he Pole of the oblique Circle, and to the Point C, 
ind it will cut the primitive Circle in þ ; meaſure A 5 
Upon the Line of Chords, and you will find it 469 g1/: 
The Angle ACB is meaſured by reducing it to the pri- 
mitive Circle, as before directed. 


CASES 
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CAS ES 13, 16. 
The two Angles A and C being given, to make th 


, x 1 
right angled ſpherical Triangle, and to find the he 
other Parts. prim 
of tl 
Having drawn the primitive Circle, and quartered WW prim 
it, draw the oblique Circle ABD, to make an Ange WW ind i 
with the primitive Circle at A of 40 oo, BC; 
mitiv 

Chor- 

CH the 8 

1 

ſpheri 


00, be 


Then through the Pole of the ſaid oblique Circle - 
draw another oblique Circle, to make an Angle witt 
the primitive Circle at C, of 60 oof. Thus, with the 
Tangent of 60, one Foot in the Center of the primr 
tive Circle, with the other Foot ſtrike an Arch, a8 4 
c; and with a Secant of 609, and one Foot in 4 
croſs the ſaid Arch, and where that croſſing is, ſhil 
be the Center of the oblique Circle CB 4; which ob. 
lique Circle will cut the other oblique Circle at rig" 
Angles in B, (by Definit. 3. Chap. 6.) and will cut tif 

primiti%% 


Gap. 19. Sen eee, a0 


primitive Circle with an Angle of 60 Degrees, by Prob- 
lem 3. 


To meafure the things required. 

The Hypothenuſe AC is meaſured upon the Chords ; 
the other Sides are meaſured by reducing them te the 

rimitive Circle, thus. Lay a Ruler upon 6, the Pole 
of the Circle CB a, and upon B, and it will cut the 
primitive Circle in 4: meaſure C 4 upon the Chords, 
and it will be found 25? 48, the meaſure of the Side 
BC; and a Ruler laid upon à and B, will cut the pri- 
mitive Circle in e: meaſure Ae upon the Line of 
| Chords, and you will find it 382 56 the meaſure of 
the Side AB required. 
| Thus have we reſolved all the Caſes of right angled 
ſpherical Triangles 3 and next, | 


0f Obligue Angled & pherical Triangles, 


CASES 1, © 6: 


There are given two Sides, and an Angle oppoſite to 
one of them ; to find the reſt. * 


Let BD 429 O9, CD 24 oF, and the Angle B 360 
o, be given, to project the Triangle BCD. 


Note, 
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Note, The Angle oppoſite to the other given Sig. 
ought to be foreknown, whether acute or obtuſe, 9. 
therwiſe two ſeveral Triangles may be made from whx 
is given. 

On the primitive Circle make BD (the given Side 
joining to the given Angle) equal to 425 09/ ; then (by 
Prob. 2. Caſe 2.) draw the oblique Circle at B, of 305 
8 (equal to the Angle given.) Draw the Paralle 
EC, to cut off CD, equal to 24® 047. Laſtly, draw the 
oblique GCD, thro' the two Points C and D, and i 
is done. | 

If this laſt oblique Circle had been draw thro? the 
other Point, where the Parallel cuts the oblique Cir. 


cle ACB, then the Angle C would have been acute, 
whereas now it is obtuſe. 


To meaſure the things required. 


The Side is found by Prob. 6. and the Angles by 
Prob. 7. as is fully explained in the Caſes foregoing; 
the Side 30? oo', the Angle CDB 46 18/, and the 
Angle BCD 104? oo, or 76® oof, according to whit 
it is, whether obtuſe or acute. 


555 ; F 

ler 1 

CASES a. &-- boy 

| There are given two Angles, and a Side oppoſte h othe 

one of them; to find the reſt, 1 

| WIL 

Let the Angle B 36® 08, and the Angle D 46* 1% © 

and the Side BC 309? o0', be given, to project de or it 
Triangle BDC. 
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Draw the oblique Circle ACB, to make an Angle 
with the primitive Circle at B of 360 08“; then at the 
diſtance of BC 30? oof draw the Parallel ECF, to cut 
the oblique Circle in C; then through the Point C 


draw the oblique Circle GCD, to make an Angleof 
460 18' at D, by Prob. 3. 


| 1 RN 5 


To meaſure the things required. 


Find the Angle BCD (by Prob. 8) thus: Lay a Ru- 
ler upon the Angle C, and upon à the Pole of DCG 
(one of the Legs, ) and it will cut the primitive Circle 
inc; alſo lay it upon C, and upon 5, (the Pole of the 
other Leg) and it will cut the primitive Circle in 4; 
then meaſure c 4 upon the Scale of Chords, and you 
will find it 76 degr. whoſe Comp. to 180 is 104®, the 
Angle required. 

The Side CD is meaſured (by Prob. 7) by reducing 
of it to the primitive Circle, and meaſuring it upon the 
Chords, and will be found 24® 040. 

Ihe Side BD is meaſured upon the Chords, and will 
be found to be 420 090. 8 


0 CASES 
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CASES 3, 9. 


There are given two Sides, and an Angle inclue | 
| to find the reſt. 


Let the Side BC 300 oo, and the Side BD 420 0h 
and the included Angle B 369 08', be given, to mak 
the Triangle BCD, 


Make the Angle DBC equal to 369 08, by drawing 
the oblique Circle ADB; then make BC 302 or, 
and BD make 429 09!, by drawing the Parallel EDF; 
then through C, D, and G, draw the oblique Ci 
cle. | : 


To meaſure the things required, 


To meaſure the Angle D; lay a Ruler upon D ani 
a, and it will cut the primitive Circle in d; and lay i 
upon D and 2, and it will cut the primitive Circle in 
c; meaſure dc upon the Chords, and you will find i 


460 187/: If O be meaſured upon the half Tangent, 
you 
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ou will find it 14® oof, and fo much is the Angle 
BCD above 90, viz. 104 OOo. If a Ruler be laid 
upon # and D, it will cut the primitive Circle in e; then 
meaſure C e upon the Chords, and you will find it 2 4? 
o, which is the meaſure of DC. | 


* 
am_— 


CASES 4, 7, to: 


Here are given two Angles, and the interjacent Side; 
to find the reſt, 


Let the Angle B 36 08/ the Angle C 1049 oof, 


and the Side BC 309 00, be given, to make the Tri- 
angle BCD. 


Make the Angle B equal to 360 o8, by drawing 
the oblique Circle ADB; and make the Angle C 104%, 
by drawing the oblique Circle GDC, the Side BC being 
frſt ſet off from the Chords. py 


O 2 To. 
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To meaſure the things required, 


The Angle D and the Side DC are meaſured as in the 
laſt, and the Side BD is meaſured by laying a Ruler ti 
the Pole of the oblique Circle a, and upon the Point D, 
which will cut the primitive Circle in c; then meaſun 
Be upon the Line of Chords, and you will find it 419 
o9/; and ſo much is the Side BD. 


— 
194 


CASE 11. 
The three Sides given, to find the Angles. 


Let the Side BD 42® o, BC 302 oo, and CD 20 
og“ be given, to make the Triangle. | 
On the primitive Circle make BD 429 og! the greater | 
Side, then at the diſtance of BC 300 oo draw a Parallel, Th 
and at the diſtance of CD 24 04! draw another Pati- Heut cl 
ſel, and through the Point of Interſection draw the tue ( and 
oblique Circles; and it is done. 5 p 
IC 1S d. 
Thi 
cal“ 
Jectior 


1 
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If the great Circle 2 þ be drawn through the two 
Poles of the oblique Circles, and Lines be drawn from 
he ſaid Poles to the Center er Pole of the primitive 
Circle, thefe three will conſtitute the Triangle a c 
yhoſe Sides are equal to the Angles of the other Tri- 
angle BCD, and contrariwiſe the Angles of @ hc are e- 
cual to the Sides of BCD, only the us Anglein the 
lone, is equal to the Complement of the greater Side in 
| the other to 180 degrees; that is, the Side bc is equal 
Ito the Angle CBD, and the Side ac to the Angle CDB, 
and the Side @ 6 is equal to the Complement of the An- 
ole BCD. ö 


— 


—— ** 


— a by, ad n LI 11 — 


CASE 12. 
The three Angles being given, to find the Sides. 


This Caſe is the ſame as the laſt in effect; for it is 
but changing the Angles into Sides, as isabove ſhewed, 
ſand as it is demonſtrated Chap. 6. Def. 6.) and mak - 
Wing a Triangle of thoſe Sides, as in the laſt Caſe; and 

it is done. 1 80 op. 

Thus have I ſhewn how to reſolve all Caſes of ſphe- 
r Triangles, both right and Hlique- angled, by Pro: 
R 1 „ 
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thc. 


AN 


APPENDIX 


3- Subtract this ſquare Root from the double of the Dy 


found 


4 Sub- Three. 


Quotient, + of the Remainder ſhall be the Hypothe- 
nule, . | a | | 


— — giv 
B. 
CHAP. I. fa 
The Reſolution of all the Caſes of Plii 
Triangles, both right and oblique 
angled, by Natural Arithmetick. 
1 And firſt, of right-angled Triangles, Fre 
1 THE RULE. *M 
1 ' A LWAYS divide 172 (with a competent 
1 Number of Cyphers annexed) by the Degrees 5 
Will and Decimal parts of a Degree contained in 70 
Wi the leſſer acute Angle. 5 Th 
2. From the Square of this Quotient always fuv- Will W. 
| tract 3, and out of the Remainder extract the ſquare Th 
| Root. 
| 
An 
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Fs Subtract the double of the Hypothenuſe from 
the faid Quotient, the Remainder ſhall be the greater 
of the Sides; the leſſer Side being always aſſumed 
ooo, Cc. | 

From theſe aſſumed Sides we may eaſily find the true 
Sides, by the Rule of Three, ; 


CASE x. ll 
In the Triangle ABC, right-angled at A, there are | 
given the Hypothenuſe BC, and the acute Angles, | 


Bond C; to find the Baſe AC, and Perpendicu- 
lar AB. 


From the double Quotient (mt 
the following Page) 
Subtract the ſquare Root. 4.792 


Remains 3) 5.400 


=of the Remainder is the Hypoth. 1.800 


The Hypoth. doubled 1s 3.600 

Which ſubtr. from the Quot. 5.096 
— 

The Remainder is Ac 1.496 


And the Side AB is ſuppoſed 1. 

By theſe three aſſumed Sides, the true Sides may be 
found (by Lib. 6. Pr. 4. of Euclid) by the Rule of 
Tee ; s: 


N 92 


200 


1.8: 


Plain Trigonometry, 
146: : 1.00: 81.1 32 


1.8 , 146 :: 1.496: 121.3 
That is; as the aſſumed Hyoothenuſe 1.8, is to the 
true one 146; ſo is the aſſumed . I-00, t 


the true one 8.1, Cc. 


33.730152. ooo 5.096 


— — — 


3.2500 —-— 


Append. 


10.192 Q. doubled. 


21330 — 


— cn—_—_— 


5 


- 
* 
———ͤ— 
— 
1 


5.096 

5. 096 

30576 
45864 
25480 


1 
N. Subtract 


. 29692164 792 


870696 


609 


— TS 


949) 8792 


8541 


9582)25116 
; 19164. 


—— n_—_— 


5952 


CASE 


Cha 


The 1 


From | 
ther 
dubtrai 
pen 


There 
The 
To t 


dide 3 
0 8 86 


Then 


Ihe Co 
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CASE II. 


The Angle at the Baſe, and Perpendicular given 
to find the Baſe and Hppothenuſe. * 


33.7 5172. 00000(' 5. 96 
13 Work of this Caſe 1 is in all reſpects the ſame ay 
in Caſe i; 


TVT A — 
CASE III. 


The Hypothenuſe and Perpendicular given, to find 
the Baſe and Angles, 


From the Square of the Hypo- 
thenuſe 

Subtract the Square of the Per-) 6577.21 Euclid. ' 
pendicular 0 . ſ 


21316 


There remains 14738. 790 


The Square Root of 14738. 79 is 121.4, the Baſe. 
To find the Angles. 
To the Hypothenuſe add half the Baſe, or greater 
dide ; then it will be, As that Sum is to the leſſer Side; 
015 86 to the leſſer Angle. 
a To 146 Hypothenuſe 
Add 60.9 halt Baſe 


Sum 206.7 


Then 206.7 : 81.1: : 86: 33 75 
I Compl, of 33. 75⁵ is 56,259, the | greater Angle. 


CASH 
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C A 8 E IV. a w 
The Baſe and Perpendicular being given, to find th U 
| Hypothenuſe and Angles. 7. 
The Square of the Baſe 14738.79 ] By Eucl. Lib. x, 
The Square of the Perpen. 6577.21 Prop. 47. 7 
| — — % 
The Sum 21316. 00 
The ſquare Root of the Sum is 146, the Hypoth. Let 
Find the Angles as in the laſt Caſe; thus; and the 
To 146 the Hypothenuſe 
Add 60.7 28388 
206.7 
Then, 206.7: 81. 1 : 86: 34.75 deg- or 330 4 
Whoſe Complement is 369 15. 8 — 
| Firſt, 
Thus all the Caſes in right-angled plain Triangles at role A 
ealily and readily ſolved ; and by the ſame Rules, a be Perg 
with the like eaſe and facility, may oblique· angle And 
lain Triangles be ſolved, as] ſhall make appear in te Have g 
Flein Caſes. ; rhoſe ( 
ording 


2, Cit 


ap. I. y Matura Arithmetick. 20g 


a. The Reſolution of all the Caſes of ob- 
ligue-angled Plain Triangles by natu- 
ral Arithmetic. - 


AS E I. 
Two Angles, and a Sige oppoſite to one of them, being 
given; to find the other two Sides, 


Let the Angle A 512 46/, and the Angle B 260 30% 
and the Side AC 141 be given; to find AB and CB. 


Firſt, we muſt reduce the given oblique- angled Tri- 
angle ABC into two right-angled ones, by letting fall 
he Perpendicular CD. 

And firſt, in the right-angled Triangle ACD, we 
we given the Side AC, and the Angle A 519 46 
roſe Compl. 389 14“ is the Angle ACD; then, ac- 
ording to the Rule, divide 172 by 38® 14“; thus: 
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38.23) 172 
3.82 17.2 
34.47) 154.8004. 498 


— — 


* 


2 
17160 8.9974 
: 33960 
4.4987 29910 
78944 2382 
S 
17995 20.238 
1799 3. Sq- Root 
SS 
36 ry.238(4.1519 
3 —— 


= 


20-238 Q. 2 
From the double Quot. 3.90% 
Subt. the Square Root 41519 


—— 


Remains 374.845 


4 15 the Hypothenuſe AC 5 1.6151 


—_ — 


The double of AC | 2.2302 
Which ſub. from the Quot. 4.400 
Remains the Perpend. CD 11.266; 


The Baſe AD being 1. 
Then, W 
1.6151: 141: : 1: 87.23 | 
3:0151 3 341% 5 1+2685 : 110-74 


Ti 


hap. 1. by Natural Arithmetiek. 2035 
Then in the other Triangle CBD, 
Divide 172 by the Angle B 26.65 
26.65) 172-00 (6:54 
2 


1210 —— 
14400 12.908 
10750 
6.454 90 
6.454 — 
23816 1 5 
32270 
25816 
38724 


— — 


41.654116 
3 Sub. 
38.654116(6.217 
122)265 
1241)2141 
12427)90016 


3027 


—— 


From double Quot. 
Sub. the ſquare Root 


Remains 3)6.69x 


of the Remainder is the 
Hypothenuſe CB ; 

The Hypoth. doubled 

Which Sub. from the Quot. 


Remains the Side DB 
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Then, 1: 110.74 : : 2.23: 2473 and 
I : 110.74: : 1.994: 220.8 


The Segment of the Baſe AD is 87.3 j 
Anſw. J The Segment DB is 220.8 5 39 i 
| The Perpendicular CD is 110.74 
'The Side CB is a 247. 


- * 
- * 
— * — 


CASE II. 


Tuo Sides, with an Angle oppoſite to one of thew 
being given; to find the reſt. 


Let there be given the Sides AC 141, and CB 11} 
and the Angle B 26? 39/. 
Firſt, In the Triangle CBD, 
2086.65) 172.0006. 454 
Quot. ſquared 41.654116 
Subtract -2 
Remains $38.654116(6.217) 


From the double Quot. 
Subtract the ſquare Root 


Remains 
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+ of the Rem. is the Hypoth, CB, 2. 230 
The Hypoth. doubled 4-460 


Which ſubtr. from the Quot. 6.454 
Remains the Side DB 1.994 


Then to find the true Sides. 


2.23: 247 :: 1: 110.4 the Perpend. CD. 
2.23 : 247 : © 1.994: 220.8= the Bale DB. 


$43 = AC 
I 10.74=CD : Add and ſubtract, 


Sum 2 51.74 
Diff. 30.26 


Vid. Euclid, Lib. 3. Pr. 36. 
151044 
50348 


7— 


7617.652487. 3 Sq. Root A. 


To find the Angles, and firſt in the Triangle CBD. 
To 247 the Hypothenuſe CB, 
Add 110.4 half the Baſe DB. 


357-4 : 110.74 (CD): : 86: 26.65 degrees, 
Angle B, which is 260 39', whoſe Complement is 
e e, the Angle DCB. CE DV 
o 141 the Hypothenuſe AC, — 
Add 55.37 half the Perpendicular CD. 


—— — ——— 


196.37 : 87.3 (AD) : : $6: 38.233 degrees, 
lat is 280 14', the Angle ACD, whoſe Complement is 
Cab. 
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CASE III. | bis 
7 Wo 8. des, 21 70 the An gle comprebended by then, E 
being — to find the reſt. 3 Re 
Let the Sides A} | 2? 
308, and AC 14 n 3 F 
and the Angle Aru 
460 be given. 
In the Triangt Fe 
B ACP, the Compl WW 
ment of the givz N 
59 8 Ais 380 14 %the Angle ACD; by which die we 
39. 230173 00(4-4987 — 
From the Sq. of the Quot. 20.2 38 3 
Subtract 3 
Remains "47.558 5 Tl 
Whoſe ſq- Root is 4. 1 — 
From the double Q. 6.991 
Sub. the ſq. Root 4:16] 
Remains 4.3. er 
Viff. 
2 of the Rem. is Hyp. 1.61; 
Which doubled is $2} 
Which ſub. from the Q. 4-49 45 
5 is the 
Remains cD 2 the S 
Then, 1.6151: 141 :: 1: 87.3, the Segm. AD. ed fr 
And, 1.6151: 141: : 1.2685 110-74, . the ! 
pend. (C1). bead, 
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= Then, in the Triangle CBD, 
From AC 308 To the Squ. of DB 48708. 49 
ubtr. AD 87.3 Add the Squ. of CD 12263.3476 


Rem. DB 220.7 The Sum 60971.8 376 
q Whoſe {quare Root 247 is CB. 
hen, to find the Angles, 

| To 247 CB 

Add 110.4, half DB. 


357.4: 11074 (CD): : 86 : 26,65 degrees, the 
Angle B, which is 269 30%, whoſe Complement is 630 
21 the Angle DCB ; then if DCB 639 21' be added 
to ACD 38. 14, the Sum will be 1019 35!, the ob- 
tule Angle ACS.” 


—_— 


AS E XV. 
The Three Sides being given, to find the Angles. 


247 C 


> " — 


141 5 
Q DS #4 3 55 
W un 388 Y 1 3 
Viff. 106 1 — i 2 x: 


As the Baſe 308, to the Sum of the Sides 388 z ſo 

is the Difterence of the Sides 106, to the Difference of 

the Segments of the Baſe EB 133.53 ; which ſubtract- 

ed from the whole Baſe 308, the Remainder is 174.47, 

the half whereof is 87.23 AD. And if the ſaid half 

be added to EB 133-53 . Difference, the Sum . be 
220. 76 the other Segment DB. 


P Then 
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Then in the Triangle CBD, 
To 247 CB 
Add 110.38 half DB. 


357.38 3 110-74 (CD) : 86: 26.65 degrees, the 
Angle B, that is 260 390 5 whole Complement 63* 21 
is DCB. 

'To-- 141 AC 

Add "8 5.27 half CD. \ 


700 37: 87.23 (AD) : : 86 : 38.233 degrees, tut 

is 389 14, the Angle ACD, „hole Complement 1 l 
7 19 46' the Angle CAD. 

If PCB 629 210 and ACD 38 14/ be added toge, 


ther, the Sum is 101? 3-/, the whole Angle ACB. 


(783-8 F-- 36 


tbe Area of any Plain Triangle, by having 
| Te Sides and Angles given. 


N a 8. | Tie —— > >) \ 
Ro wo - LT” % % > 7 21 11 
- &® v5, — * 
4 


. FL ; Of Right-angled Triaugles. 


82 EAS E . 
The _ acute Angle, and the Befe g T7 ; to find the 
Area. 
A Jo the right arge 
„ Triangle ABC, let there 
00 be given the Angle B 35. 


8 087, „and the Angle C 590 
52, and the Baie AB 
| find the Arca. 


Append 


THE 


D 
the l 
dicul 
Bale, 


— — — — — — gr ors — 


— — 


Chaps 2. Of Plain Triangles. 211 


THE RULE 


To the double Logarithm. of the Baſe, add the Log. 
Sine of the Angle at the Baſe ; and from the Sum ſub- 
tract the Log. Sine of the other acute Angle, the Re- 

| mainder isthe Logarithm of the double Area. 


* Log. of 199 2.298853 
The ſame again 2.298853 
The Sine of 3898“ 9.790632 


Sum 14.388338 
The Sine of 319 62“ 9.895741 
— 


The LI og. of 318088 4.492597 


The half 15544 1s the Area. 


Demonſtration. As the Sine of the Angle C, is to 
the Baſe; ſo is the Sine of the Angle B, to the Perpen- 
dicular. Here we muſt add the Logarithm of the | | 
Bale, and Sine of the Angle at the Baſe B, and from AY 
te Sum ſubtract the Angle at the Perpendicular C, the 9 
R-mainder is the Log. of the Perpendicular ; to which AY 
it we add the Log. of the Baſe, we ſhall have the Log. 
of the double Area: ſo that it is plain, here is the 
dine of the Angle at the Baſe B, and twice the Log. of 
the Baſe to be added, and the Sine of the Angle C to 
be ſubtracted, Which was, Sc. 

But we may find the Perpendicular otherwiſe, 
thus: As Radius, to the Baſe ; ſo is the Tangent of 
the Angle at the Baſe, to the Perpendicular ; and if 
© this Log. of the Perpendicular be added the Log. 
vi! the Baſe, the Sum fs the Log. of the double Area; 
Viich affords us another Rule for finding the Area, 
I having the Baſe and acute Angles, viz. To the 

Wole Log. of the Baſe, add the Tangent of the 

F 2 Angle 


_ — —- — — 
5 
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— = * 
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212 Of finding the Area 
Angle at the Baſe, the Sum, abating Radius, is gte 
Log. of the double Area. 


The Log. of the Baſe 199 2.29%): 


The ſame again 2. 2988; 


The Tangent of B38 08“ 9.890 

The Log. 31088 7 

The halt is 1 5544 the Area, the fame 
as before, 

CASE: II. 


The Hypothenuſe and acute Angles are given; . 
find the Area. 


T3654 


To the double Logarithm of the Hypathenuſe, ad 
the Sines of the acute Angles ; the Sum, abating dou- 
ble Radius, is the Logarithm of the double Area. 

In the former Triangle ABC, let the Hypothenul 
253, the Angle B 38? 0$', and the Angle * 51 52 


be given; to find he Are3, 


The Log. of the Hypoth. 253 2.4031! 


The ſame again 2.40311 
The Sine B 389 087 9.79961 
The Sine C 3152 9.89574 
The Log. of 31088 4.4020 


— 
the ſame as before. 


Demonſtration. 
is the 8 of the Angle at the Paſe to the Pcrpendt 


cular 
And 


Append, 


As Radius to the Hypothenule, ſo] 


WT 7 


Dem 
o is th 
Cicular 
nz Sur 
lis the 1 
he Baſt 
ludtra& 


And as Radius, to the Hypothenuſe; ſo is the Sine 
of the Angle at the Perpendicular, to the Baſe. 

If theſe two Proportions be compounded, there will 
be twice the Log. of the Hypothenuſe, and the Sines 
of the acute Angles to be added, and two Radius's 
to be ſubtracted : Which was, Sc. 


— — ———_ 


—_—_——— 8 __— 


CASE III. 


The Baje and Hypothenuſe, and Angle at the Baſe, 
grven ; to find the Area, 


THE RULE. 


Add the Logarithm of the Hypothenuſe, the Lo- 
[carithm of the Baſe, and the Sine of the Angle at the 
Bale ; and the Sum, abating Radius, is the Logarithm 
of the double Area. 


W pothenuſe BC 253, the Baſe AB 199, and the Angle 
B 9? 08“; to find the Area. 


Tae Log. of the Hypoth. 253 2.40312 
The Log. of the Baſe 199 2.29885 
The Sine of the Angle B 389 08“ 9.79063 


The Log. of 31088 : 4.49260 


the ſame as before. 


Demonſtration. As Radius, to the Hypothenuſe ; 
ois the Sine of the Angle at the Baſe, to the Perpen- 
We'cular. To which if the Log. of the Baſe be added, 
sum will be the Log. of the double Area: fo here 
de Log. of the Hypoth. the Sine of the Angle at 
tte Baſe, and Log. of the Baſe, all added ; and Radius 
btracted. Which was, Ec. 
3 CASE 
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In the former Triangle ABC, there is given the Hy- 


214 Of finding the Area. Append, 


DO ASR-IvV; 
The Baſe and Hypothenuſe given, to find the Area 


THE-RUEE. 


The Log. of the Sum, and Log. of the Difference of 
the Bale and Hypothenuſe being added together, take 
half their Sum; and to that add the Log. of the Baſs, 
this laſt Sum 1s the Log. of the double Area. 


A. 


| Adi 


In the former Triangle ABC, there is given the Hy. 

pothenuſe 253, and the Baſe 169; to find the Area, Land tf 
the Si 
Hypoth. 253 Log. of the Sum 432 2.655138 Ha, tl 
Baſe 199 Log. of the Diff. 54 1.73239 rithm 
| _ Let 
The Sum 452 The Sum + 38753 C101 
ge B 
The Diff. 54 The half 2.194766 Angle 
The Log: of the Baſe 2.2988;3 Wind 
— 2477 b 
The Log. of 3 1088 4492610 find th 

the ſame as before. 

Demonſtration. If the Sum and Difference of the * by 
Baſe and & 15 pothenuſe be multiplied together, and out 7 * 
ot the Product the ſquare Root be extracted, that ſquare The 8 
Roct will. be the Perpendicular (by Eucl. Lib. 3. Pr. * 
36.) Therefore half the Sum of the Log. of the N 
and Difference, is the Log. of the Perpendicular ; u Br... c: 
to which add the Log. of the Baſe, the Sum 1s the 10 
of che double Arca. Which was, Sc. emair 

Area 
The 


2. 0 
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2, Of Oblique- angled Triangles. 


CASE IL 


All the Angles and one Side being given, to find 
the Area. 


TAE NUL. 


| Add the double of the Logarithm of the Side given; 
and the Sines of the two adjacent Angles, and from 
the Sum of theſe ſubtract the Sine of the oppoſite An- 
ge, the Remainder (abating Radius) is the Loga- 


rithm of the double Area. 
Let the Angle 


C1019 350 the An- "IHE 

ge B 269 39 the 1 

Angle A 51” 46 9 

and the Side CB Ys 8 . 

247, be given; to 8 = 

fin ca. ACm— — 


The Log. of CB 247 2.392097 
The fame Again | 2.392097 
The Sine of C 1019357 (or its Comp. 78? 25!) 9.991064 
The Sine of B 260 39/ 9.651800 


The Sum 24.4282 58 
The Sine of A 519 46! ſubtract 9-895144 


8 


Remains . 7 he d bl | | 
—_— Log 34195; te ene 


— 


The half thereof 17064 is the Area required. 


Pa. - Demon- 


216 Of finding the Area 


Append, 


Demonſtration. As Radius is to the Hypotheniſ: 
CB, ſo is the Sine of the Angle B to the Perpendicy. 
lar CD. 

And, as the Sine of the Angle A, is to the Side ); 
ſo is the Sine of the Angle C, to the Baſe AB. Nox 
if theſe two Proportions be compounded, we ſhy! 


find the Log. of BC twice, the Sine of the Angle B, au 


Sine of the Angle C, all added; and the Radius, and 
Sine of the Angle A, to be ſubtracted, Which Wa 
to be proved, 


n. 


CASE II. 


Too Sides, ond the Angle comprebended by then, 
! being given; 75 find the Area. 


THE RULE. 


Add the Logarithms of the given Sides, and the Sin: 
of the Angle, and the Sum (abating Radius) is the 
1 ogarithm ot the double Area. 

Let t. herc be given the Side AB 308, and the Side 
VC 24) und che comprehended Angle B 269 39'; to 

End the Area. 


The 108 of AB 308 2:488551 
5 & he 1. OY. of BU 247 2.39269] 
Ihe Sine ot the Angle B 26? 39/ 9.651800 
The Log. of 34123, the double Area, 4.53304 


The half thereof, 17061.5, is the Area required. 


Demenſtraticn. As Radius to the Side CB, ſo : 
tlie Sine of the Angle B to the Perpendicular 3 : 
| whic 


Che 


whic 
Log: 
the S 


Jof th. 
| ed. 
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which add the Log. of the Baſe AB, and you have the 
Logarithm of the double Area; ſo here is the Log. of 
the Side CB, the Sine of the Angle B, and the Log. 


of the Side AB, all added ; and only Radius ſubtract- 
ed. Which was, Sc. 


6 


CASE III. 
| The three Sides bang given, to find the Area. 
THE-RULE- 


From the halt Sum of the Sides ſubtract each parti- 
ular Side; then add the Logarithms of the half Sum, 
d the three Differences together; half their Sum will 
be che Logarithm of the Area required, 


Let the Side AB be 308, BC 247, and AC 141; 


308 40 


247 101 {Differences 
141 207 
um 696 
al 348 |} 


The Log. of the halt Sum 348 2.541579 


The Log. of 207 2.315970 
The Log. of 101 2.004.321 
The Log. of 40 # 002060 


— —— 


The Sum 8, 8.463930 


The Area 17060 Log. +4 23 1965 


c 


This 
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| SUP! 
This Rule is to be found in moſt Books of Meaſyr. MR upe 
ing, and is demonſtrated in my COMPL EAT bos. 
ME ASU RE R. Port 2. Chap. 1. Sect. 5, and then T 
fore J ſhall) omit it here. them 
G Th 

Of the Menſuraiion of the Area of a Shberic 

Tri cal, "Ie. 
| 1 
LEM MAI. Ast 
HE Lunary Superficies of the Hemiſphericiy 0 1 
are as the Angles of the ſame Superficies. Ane 
The Proof of this Lemma (amongſt many other 90 1; 
ways) may be this : 

The 
ne Ang 


Let the Meridian Semicircle AED be imagined d t0 
be equally moved over the Longitude of the Equato 
BEC, upon the Poles A, and Dy; then muſt the AP 
gles on the other Side of A and D, (viz. F and G, 


be as the Times; that is, F ſhall be to G, 45 te 
Super 


Chap. 3. Spherical Triangles. 219 
duperficies K to the Superficies M; and G is to E, as the 
Superficies M to the Superficies K &c. and ſo it will be 
bowſoever they are taken. For | 


Thoſe things that agree to a Third, agree amongſt 
themſelves. 


COROLLARY. 
Therefore, by Compoſition, 

FG: G: KM: M. Or, 
F+G: F:: KM: K. 


That is, 
As two right Angles are to G, 
So is half the ſpherical Superficies to M; 
And, as two right Angles are to F, 
So is ha the ſpherical Superficies to K. 


LEMMA H. 
The Triangle G is equal to the Triangle N, becauſe 
ie Angles and Sides of one are equal to the Angles 


_ T2 
75 N 


and 


— 
- - — A - — — 
— ” „r r — W 


— - m 
— — ERC CNS 
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and Sides of the other, v2. A= D, B E, CP, 
and alſo L O, MP, N= Q therefore they at 


congruous, and equal. 


THEOREM. 


The Exceſs of the three Angles over and above ty 
right Angles, divided by 720, ſhews what the Area 
the Triangle is in reſpect of the whole ſpherical Super. 
fcies. ; 


180: A ::3Spherick : G R 
For by 189: B:: ;5Spherick : G+S 


Lemma I. ( 180: C:: +Spherick : GTS H4T Ang! 


E, 


Therefore by Compoſition it will be, 180: A of © 
+C : : half the Spherick : 3 G&+R+S+T ; and (y i: fe 
Eucl. 5. Lib. 24. Pr.) 180: A+B+C— 180: : hilt Wh. 
the Spherick : 3 G4R+S+T—-Spherick. But 6+ ! 
R+S+T is equal to half the Spherick : Therefore, Tran 
2G+R+S+T—half the Spherick=2 G. And the a- e. 
tecedent Terms being quadrupled, it will be, 720: 
+B+C—180 : : 2 Sphericks: 2 G :: 1 Spher.: G 


Therefore, 


A+B+C—1S$0. ſhews what part the Triangle! 

720 | | 

of the whole Sph-rick. 

Thefe things are likewiſe true in all ſpherical Poly: 

gons of what ordinate Figure ſocver they be, or 1nd 

dinate; fo that all the Angles be given. And the Rei- 

ſon is, becauſe all Polygons may be reduced into II. 

angles; tacrcfore, this Rule following ſhall hold in all 
Muttangics. 

THE RIF4E; 

3 i 0 

Multiply 180 by the number of Angles ; ſubtra® 


the Product out of the Ageregate of all the Ang 
| I- 


— 
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acreaſed by 3609; the Reſidue divided by 720, gives 
the Area of the Polygon. | 


Of the Completion of a ſolid Body. 


From the foregoing Menſuration of the Area of a 
ſpherical Triangle, this Corel;ary may be deduc'd, If 
the Radius of the Sphere be 100000, the Side of an 
E inſcribed Icoſiedron ſhall be 105146.22, equal to the 
| Subrenſe of 639 26' 10”. Therefore the plain equila- 
E tcral Triangle FEO (in the Icoſiedron) anſwers to the 
E equilateral ſpherical Triangle in the Sphere; whoſe 
three ſpherical Triangles are connected in the plain 
EF Acles, in the ſame roint F, 
E, d O. And the Sides 
lof tis ſpherical Triangle 
are ſeparately taken 630 26“ 
10, becauſe their Subtenſes 
FE, EO, OF, in the plain : 
Triangle, are equal one to a- Pl 1 
nother. a — 

Let fall the Perpendicular . 
EP? ; then will the Spherical 

Triangle EPO be right-an- 
ldat P; where there is given 
ever and above the right An- 
gle) EO 630 26 10% and PO 
310 43 og equal to half EO; 
vheretore the vertical Angle 
WE will be found 36 deg; 
ot, and the whole Angle E. 
e cg, and the Sum of the 

tree equal Angles E, F, and 

0, ſhall be 216 deg. from 

Wicnce taking two right An- {pear ning” 

gies, equal to 180 deg. there E 

vl remain 36 deg. therefore the 


Triangle 


„„ 


8 
eee N 
= @3,,_ ; 
EE 7 wm 
* 3 " oy * 
b ea 
= — — — 


== 
= * 
a — 
a - 3 — 
— —— OC—— — * 
2 — 112 = 
— — —— 
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222 Of Fs Compact &c. A ppend, 


Triangle EFO is 3 of the whole Spherick, that; 


25 part; and this moſt truly, for 20 Pyramids FE(, 
fill the ſolid place of the Icoſiedron, and fo 20 ſpha; 
cal Baſes (covered over with 20 Triangular plain Baſs 
compleat the whole Spherick. | 

FEOC is one of the 20 Pyramids in the Icoſfiedry, 
and the plain Triangle B is one of the Baſes ; C is th 
Center of the Body, or Sphere, that circumſciibe 
Ic. 
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CHAP.L | 


In the fr ſt Part of this Treatiſe you have 
all the Caſes of Plain and Spherical 
Trigonometry, very plainly laid down 

| ond demonſtrated. In this ſecond Part, 

I ſhall apply the Doctrine of Plain and 

Spherical Triangles to Practice, in all 

the moſt common Parts of the Mathe- 

maticks. And firſt, 


F Altimetria, or Meaſuring of | Alti- 
tudes. 


AE Object to be meaſured may be either ac- 
ceſſible or inacceſſible; or it may be upon le- 
vel Ground, or ſtanding upon a Hill. 


SECT: I 


To meaſure an acceſible Altitude. 


Let AB repreſent a Tower, or Steeple, whoſe Height 
required. F rſt, 


— — 


, 287, ap > 2 
— H— — — 


i th. 


== = 
* 
* — dd 9 


. 
n . 1 


— 
Fm 
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224 Of Meaſuring . 


Firſt, with a Quadrant, or other Inſtrument, find 
the Quantity of the Angle C, which ſuppoſe to be 
300; then meaſure the Diſtance AC, which ſuppoſe ty 
be 85 Feet: then by the firſt Caſe of Plain Tria. 


gles. 


Part Il 


520 


As s. of 4 B 37 3 A. C. o. 21555 L 
To the Baſe AC 85 Log. 1.929411 hol 
So is s. of / C 529 307 9.89946 me 
To the Altitude AB 110.8 2.04449 Fu 
—— Altit 
Or thus, "at 

As Rad: 10. to be 
To the Baſe AC $5 1.929411 WR ta 

So is t. of Z. C 529 300 10. 115010 
To the Altitude 110.8 2.04445 

31 1 =» Þ 1 
n b 
7 Z (if 7 c \ . 
Tag \ 1 
mA * 1 
i > 5 
\ PP 

| | 
. 1 NO 
A = 0 meaſor 
| | Plain * 
Note here, that in this and all ſuch Caſes, you n 0 an 
add the Height of your Eye, or Inſtrument, to tne 1 22 th 
. | : „ole 
titude before found. se 
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8 E e T4 | II. 
To meaſure an inacceſſible Altitude, 


Let AB (in the following Fg.) be a Church-Steeple 
whoſe Height is requir'd : but by reaſon of a River, or 
{ome other Obſtacle, it is inacceſſible, that is, you can- 
ennot come to the Foot of it at A, © _. 

Firſt; with your Quadrant at C, take the Angle of 
Altitude; which. ſuppoſe 262. 36/ ; then meaſure in a 
"ent Line towards the Steeple to D, which ſuppoſe 
obe 75 Feet; and at D, obſerve again the Angle of 
Altitude, which let be 512? 300. 


, * 7 


4 


| Now the two viſual Lines CY, and DB, ind the 
meaſored Diſtance CD, do from the oblique-angled 
Plain Triangle CBD, wherein, are given all the An- 
les and the Side CD, the Angle BCD being 26® Zo! 
and the Complement” cf, ADB £1® 300 to i$0 is thi 
"ute Angie BDC 1282-30, ahd conſedueticly the 
Wo Angle CBD is 25 bo. Bot this Sngle CBD 

| 'H 47 
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may more readily be found by fobiraftiing BU tn 


ADB (by Eucl. Lib. 1. Pr. 32.) Then, by Caſe the fi 
of oblique-angled Plain Triangles, find tte S de BD, 


thus: 
As s. of 255 oo! CBD 6.374051 
To the diſtance of CD 75 1.87505) 
So is s. of 269 30. the . C 9.64952) 
To the viſual Line BD 79. 18 | 1.895600 


— __ 


As Rad. to BD 59.18 1.898640 
So is s. of ADB 51 30 9.993544 


— ——___ 


To the Altitude AB 61.97 | I.792184 


— . — 


S E & T. III. 


To meaſure the Altitude of a Steeple, Tower, &c. 
flanding upon a Hill. 


Let EC repreſent a Steeple ſtanding upon a Hil, 
whoſe Height is required. 

Firſt, with your Inſtrument find the Angle CAB, 
44 degrees; and alſo the Angle EAB 269. 

Then meaſure in a ſtrait Line towards the Steep!: 
from A to D 134 Feet. 

Then again at D, with vour Inſtrument, find the 
Angle CDB 67 ;o/.; and alſo the Angle EDB 51 de- 
Trees, 

Then, by the firſt Caſe of oblique-angled Plain Tri 
angles, find the viſual Line CD, in the Triangle ACD, 
wherein are given the Angles DAC, and AC, and 
the-Side AD; thus ES: 9 


As 


Then, by Caſe 3. of right-angled Plain Triangle, 


Ch; 


Chap. 1. of Altitude 


As 5. ACD 230 500 
To the meaſured Diſtance AD 1 34 
So s. CAD 449 O0 


To the Side CD 230. 4 


Then, As Rad. to the Side CD 2 230.4 
So s. of CDB 67 5 500 


To the Side BC 21 2.3 


Again, As | Rad. to the S: de Ci) 2 30. 4 
50 8. 220 100 BCD 


To the Baſe BD 86.92 


Laſtly, As Rad. tothe Baſe BD 26.9 
So is t. of 512 00' the Angle PDE. 


75 the Perpendicular BE 107.3 


0-393536 
2.127102 


9841771 


2.362412 


[Yi 362412 
9. 960633 


2.22906; 


— 


2.362404 
9.576689 
939101 


I + 930 101 
10.091631 


—— 
— 


8 


2.03072 


From? 


- 
1 a o + 
- ** *. be a q 
. agar mm comps te 1p | 
— — 4 — Na © * * = * 
. wy — _- 
= 8 . 
= . . 
\ = 6 l = _ ” N = 
” 
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From the whole perpendicular Height BC 213 
Subtract the perpend. Height of the Hill BE 107.3 


— 


There remains the Height CE of the Steeple 19, 


— es em. 


CHAP. II. 
Of Longimetria, or meaſuring of Diſtances, 


| HE Theodolite, or Semicircle, 1s the beſt Inſtru- 
ment for taking of Diſtances of Trees, Steeple, 


Towers, &c. either of one, or many together ; as in 


the Examples following. 


SECT: I. 
To meaſure one fingle Diſtance. 


Let A be a Tree; and you being a diſtance off xt 
B, would find how far the Tree is from you, without 
approaching nearer to it, than you are at B. 

rt. Set up your Theodolite, or Semicircle, upon it 
Staff at B, as level as you can, laying the Index witi 
the Sights upon it on the North and South Diameter 
of the Inſtrument. | 185 | 

2. Turn the Inftrument about upon the Staff (tir 


Index ſtill lying upon the Diameter) till thro? the 


Sights you fee three at A, and there fix the Inſtrument 
with the Screw, the beginning of the Degrees towarcs 
A. | 


with your Chain or Rod any convenient Diſtance o 
either Side, as to Co Rods; and there caule 4 Mark 
Ir Staff to be ſet up, 


3. From the Foot of your Inſtrument at B, meaſue 


* 
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4. Turn the Index about till thro? the Sights you ſe© 
the ſaid Mark at C, and note what number of Degree® 
and Minutes the Index cuts, which ſuppoſe 1109 20/5 
which ſet down. \ 


5. Then ſet up ſome viſible Mark at B, where the 


jnſtrument ſtood, and remove it to C; and there ſet- 
ting it up, With the Index upon the North and South 
Diameter as before, turn the Inſtrument about till 
thro? the Sights you ſee the Mark ſet yp at B, and 
there fix it, the beginning of the Degrees toward the 
Mark at B. 
Turn the Index about till thro? the Sights you fee 
the Tree; and note what Degrees the Index cuts, 
vhich let be 552 40, which note down; and ſo have 
jou done your Work in the Field. N 
And to find the Diſtance from B, or C, to the Tree; 
you may perceive that the Tree, and the two Stations 
or Marks at B, and C, do make an oblique-angled 
Triangle ABC: in which is given, 1. The Angle 


ABC 110 20/ obſerved at the firſt Station B. 2. The 


Diſtance meaſured BC 50 Rods. 3. The Angle CBA, 
obſerved at the ſecond Station C 552 400. By which 
you may find the Diſtances AB, and AC, by the firſt 
Caſe of oblique-angled Plain Triangles. For, having 
the two Angles at B 110 20/, and at C 358 40% their 
sum is Sum 166 degrees, which taken out of 1209, 
there remains 14 deg. for the Angle A, Then, | 


* — — _ - A 
W PER * £75 5 — . 
ue "Dy TO e rr * — — — 
w Py 4 b pd — 4 ut A 
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'To the Length of the Side AB 150-7 


Again, 
As s. BAC 149 od Ar. C. GC 
To the Side BC go 15 0 
So s. of the Angle ABC I 10⁰ 20 (Com. 3 
oy” 40!) c * 972 
To the Length of the Side AC 193.8 2.287355 


— — — — — 


So the Diſtance from the firſt Station to the Lrees 
170.9 Rods, and from the ſecond Station to tlic Tre 
193.8 Rods. 


— — 
EE CE 


How to take the Differences of diners tings remit 
from you ; as Churches or particular Places in 
Cil y, 4 Squadron of Sa at Sea, or the ble 
and to make @ Draught of the fame, 


Suppoſe that A, B, C, D, E, F, and G, were $0 

dron of Ships lying at an Anchor, and you being 
Shore, were defirous to take their Diſtances and 9 
make a Draught of them, repreſenting their Situation 
one from another. 
Seek out two convenient Places upon the Shore 
PE either of whicn you may ſee all the Ships at 0n: 
Vie ew, and make thoſe two Places your two Stato 
7er Obſervation, as O and P. 


about 
and n 
$3" 4 
to B, 
it eve 


1 N 
* 
a) 
e 
ta F 


wa \ 
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Then ſet up your Inſtrument at'O upon its Staff, as 
l-yel as you can. Turn it about upon the Socket, till 
the Needle hang directly over the Meridian Line of 
the Card, and the North-end of the Needle over the 
Flower-de- luce; and then ſcrew the Inſtrument faſt, 
Your Inſtrument being thus fix'd at O, call that your 
grſl Station; and turn the Index about till thro the 
Sights you ſee the firſt Ship A, and note what De- 
crecs of the Inſtrument the Index cuts, which ſup- 
poſe 60 deg. which note down ; then turn the Index 
about till thro? the Sights you ſee the Ship at B, and 
mark what Degrees are cut by the Index, as 74 30“, 
and note them down. Do thus with all of them, be 
there ever ſo many. 
Then meaſure the Diſtance between O your ſirſt Sta- 
tion, and P your ſecond Station, which is 240 Rods; 
turn your Index about till thro' the Sights you ſee 
a Mark ſet up at P, and note what Degrees are cut, 
which are 15? 5o', which is the Angle your Station- 
line makes with the Meridian; then leave a Mark where 
your Inftrument ſtood, and remove to your, ſecond 
station at P, and ſet up your Inſtrument there, with 
the Needle over the Meridian-line, as before: and if 
you lay your Index upon 152? ;0/, and look back thro 
the Sights, if you ſee the Mark left at your former 
Staion, then your Inſtrument is plac'd right; if not, 
you muſt turn it till you can ſee the faid Mark thro 
the Sights, and there ſcrew it faſt ; then turn the Index 
avout till thro the Sight you ſce the firſt Ship at A, 
and note what Degrees the Index cuts, which ſuppoſe 
43? 45), which note down; then turn the Index about 
to B, C, D, Sc. noting the Degrees cut by the Index 
a every moving, and {ct them down in a Table, as is 
ne in the following Page. < 


Q 4 


— —— ̃ ̃(Q. . 
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Tt thefirfi] I the ſccon 
Station, the „„ 4 anon, thy 
Index cut, | The Static-] Index cut, 
| (Dc Way aiftnc De. II. 
FA EG 40 Rods. 43 | 
B | The Angle 3. 
| 24 Jae Stationary, 2* 00 
C 82 30 he Stationary- 63 30 
At, I 93 Scline makes with 09 3 
3 7 | che Meridian is 8 
f Ef 10 2 0 / 8 45 
| F120 oc I be 92 OO 
1 G/136d.- oct tog . 


— 1 — ER. ” * — — 
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How to protrat?, or lay down upon Paper, the Obſrru 
I EE ouods chem a, NY 


_ Upon a Sheet of Paper draw an obſcure Line as N, 
ior a meridian Line, upon which aſſume any Point a 
O for your firſt Station; unto which Point apply th 
Center of your Protractor, laying the ſtrait Line oftix 
Protractor upon the Line NS; then, keeping the Pre 
tractor in that Poſition, lay your Table of Obſeryat 
ons before you, wherein you will find 60 deg, phe 
firſt Obſervation made to the Ship A; therefore make 
a Mark at 60 deg. by the edge of the Protractor. Tit 
EF} "0 En FI IG. f a . | : 
next Obiervation was 74 30/, therefore by the eg 
of the Frotractor make a Mark at 74 go' ; do tie 
like at 820 300, at 939 00% at 1309 20% at 1200 O0 
and at 130 O0: Thien take off your Protractor, ad 
from the Center O draw obſcure Lines thro? every one 0! 
thoſe Marks, as the Lines OA, OB, OC, Cc. Lay tit 
Center of your Protfactor upon O, and the ſtrait Lin 
upon MS, as before, and make a Mark at 15 ;0' (bc 
ing the Angle the ſtationary Line makes with tit 
Meridian) and from the Center O thro? that Mari 
draw the ſtationary Line, and out of ſome Scat c- 
equal Parts (anſwerahle to the largeneſs of your Tape, 


: RI 
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take 240 (the ſtationary Diſtance) with your Com- 
paſſes, and ſot from O to P, fo ſhall P repreſent your 
ſecond Station; then thro! R draw another meridian 
Line parallel to the former, and lay the Center of 
vour Protractor upon P, and the ſtrait Line upon 
NS ; keeping it faſt in that Poſition, lay your Table of 


Jntervations at your ſecond Station before you, and 
with your Protracting-pin make Marks at 430434 
your firſt Obſervation, at 54® oo! your ſecond, at 63® 
30'rae third, Sc. till you have prick*d down all your 
Oblervations at your ſecond Station P; then rake 
Way your Protractor and draw Lines from P, thro' the 
leveral Marks, as PA, PB. PC, &.. cutting the for- 
mer Lines in the Points A, B, C, D, E, 7 and Gy 
*mch Points do repreſent the ſeveral Ships, as they 
le ar Anchor, every one at its true Diſtance and Po- 


| tion from another, as they lie in the Sea or Harbour z 
welſo from either of your Stations O or P. 


This 


Parey 


Ibis $0000 may ↄtherwiſe be pertoiizicu, 
tak i any notice of che Needle; thus: 

As in the laſt } xample, make choice of two Place, 
from either of which you may convcuiently fee all ug 
Ships or other Objects whoſe Diſtances you would in! 
which two Places or Stations let be O and P, int 
following Scheme. 

Firſt place your Inſtrument at O, laying the Ina 
on the Diameter, and turn the whole Inſtrument $0: 
till through the Sights you ſce your ſecond Station ?; 
then fixing the Inſtrument there, direct your Sights n 
the ſeveral Ships A, B, C, D, E, F, and G, noting ti: 
Degrees cut at each Obſervation, which are as bebo 
in the Table. 

Then remove your Inſtrument to P, laying the ln 
285 on the Diameter, and turn it about till through thy 

ights you eſpy your former Station at O; there f 
TI Inſtrument ; then direct your Sights to every on 
of the Ships at A, B, C, D, Sc. noting the Degree: 
cut at every Obſervation, as in the Table, and alſo nd: 
down the ſtationary Diſtance, 


Men huring 


> a4 Lt fo bo 


#Y .> 1 f 7 ; 
— 


| At the firſl At the lecont 
Station, the Station, tht 
Index cut, Index cut, 
Le. 16 De. M. 
[A 82 300 The Stationary] 33 20 
5 95 40 diſtance 150] 42 20 
i C114 gc] Rods. 55 00 
Aty D124 "+ Ps 63 0 
E135 3c 72 a 
| F140 OC 36 10 
| — 156 30 | Op 39 


The Protraction of theſe Obſervations will be mut 
like that in the former Example; for 
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Firſt, you muſt lay the Center of the Protractor upon 
the Center O, with the Diameter thereof upon the 
Line OP; keeping it faſt, make Marks by the Limb 
at 822 30%, at 95” 40, at 114% 20, at 1240 10% at 125 
30, at 1400 OO, and at 156 300; then take up your 
Frotractor, and draw Lines from the Center O through 
each of the Marks; then upon the Line OP ſet off 150 
om O to P, taken from ſome Scale of equal Parts, and 
zen. P place the Center of your Protractor, and the 
Diameter thereof upon the Line OP; keeping it faſt 
tere, make Marks by the Limb at 330 20% at 429 307%, 
* 55 00% at 639.40, at 22 20% at 869 10% and 
112” 3o'; then take up your Protractor, and dra v- 
ies from the. Center P through every one of theſe 
Marks, and where theſe Lines cut the former each its 
correſpondent Line, there are the Foints repreſenting 


4 


te Ships. 


19 meaſure any of the Diſtauces, thus laid down, by 7 7186- 
aometiical Calculation. 


40 the laſt Figure are ſcveral right-lined Triangles 
Ie b) the Interſection of the ſeveral viſual Lines, to- 
gether 
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ether with the Stationary-Line; in each of which 
there will be enough given to find what Diſtance you 
Mall require. 

Example. Let it be Nai to find the Diſtane 


from O your firſt Station, to the firſt Ship A, f 
By the viſual Line OA, made at your firſt Station, ans 
and the viſual Line PA, made at your ſecond Station 
interſofting at A, and the Stationary-Line OP, is con. 
ſtituted oy oblique-angled Triangle AOP: in which 
is given, 1. The Angle AOP 97 30 (the Compt. 
ment of 828 3o' to 180) and, 25 The Angle AP(, 
obſerv'd at the ſecond Station 330 zo! conſequent T 
the Angle! OAP mult be 49? oo! (being the Deren | js / 
ment of the other two to 180) and, 3. The meaſyrd 4 | 
Piſtance between the Stations 150 Rods, to find tie tte + 
Side AO, which you may do by the firſt Cafe do g. 
Plain oblique- -angled Triangles; thus : W 
angle 
As s. of OAP 49? oo. 0. 1222201 
To OP 150 2.1700912 WRAP 
So is s. APO 33? 30' 9.741880; 
To AO 109.7 2.040200) um 
Again, to find the Diſtance AP, Dif 
As s, of the Angle OAP 492 O0 9.122220 
To the Line O 150 2. 17 
So is the Angle AOP 99 307 * 1 
(Com. 82® : 30% ? b a 5 9.996265 a fl 38 
____ ˙%ẽů6d 
To the Side AP, 197 Rods, 2.294579 0s t 


— —_—_—_—_— 


Again, to find the Diſtance from the ſecond Stations... 
P, to the ſecond Ship B. 
In the Triangle OBP, there 1s given, 1. The 4 4 


gle BOP 84" 200 (being the Complement of the it 
ond Obſervation made at the firſt Station 0) 2 de 


An. 


Chap. 2. of Diſtances. 237 
Angle OPB 42 3o', the Angle taken at the ſecond 
Objervation at P; and 3. The Stationary diſtance 


50, ; 
Then by the firſt Caſe of oblique- angled Plain Tri- 
ai les, p 
s As S. of the Angle OBP 33 107 | 0.096702 3 
To the ſtationary Diſtance 1 50 2.1760917 
So s. of the Angle BOP 84® 200 9.9978724 


To the Diſtance BP „186. 5 2.270666 
Then in the Triangle ABP, there is given the An- 
ge ApB o 10/ (being the Differences between the firſt 
and ſecond Obſervations at the ſecond Station) and 
the two comprehending, Sides AR 197, and BP 186.5, 
to find AB. : 

Work by Caſe the 3d of oblique-angled Plain Tri- 
2hples. 


= 09 From 1809 od! 
186.5 Subtr. 9106 


— — 


—_—_— 
—— SH—•—j — —— an —— 


dum 383.5 | | Rem: 170 50 

Diff. 19.5 Half 85 2 2 | 

W in, 

| A 383.5 the Sum of the Sides 7.416235 

To10.5 the Difference of the Sides 1.02118 

est. 852 22, : the Sum of opp. Angle, 11.096807 
Tot, of 18 53 half their Difference 9.534231 
dum 104 182 the Angle ABP. e e 


Mi. 66 32: =the Angle BAP. 


Ihen. 


n 


Diſtances in your Compaſſes, and meaſure it upon the 


— 
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1 A „ 
| 3 Ss (| 
7 1 ' | IJ — 72 * II 
. : iI 
\ 1 I & +, 1e 2 15 
. th. LIED 
' 14 8e AA I 
* 
1 5971 3 | * | = 
10 32.39 the Giſtance between A and B 1.5 10375 
wo 1 


After the ſame manner you may proceed to find the 
reſt of the Diſtances, there being enough given in each 
Triangle to find the reſt ; or you may take any of the 


lame Scale you laid down the ſtationary Diſtance by, 
and that will ſhow you the Diſtance. 


By either of thote ways you will find the ſeveral Di A 


emin 


ſtances, as they are expreſſed in the Table below. Tabl 


_ 22 ¹Ü1“¹¹³ kach 
[AO 109.7 | CP 158.4 | CD 27.7 | OF 185.4 and | 
AP 197 | OC 142:6 ⁴⁰ ⁵ EP 117.8 EF 28:35 your 
BP 186.5 | BC 46.8 | OE 160.2 | PG 86.1 the N 

2.4 | DP 142.6 | DE 31.6 | OG 200.5 the In 
OB 1266 | OD 154.5 FP 119.4 TG 56.95 


To reſolve the firſt Example by Trigometrical Cal 
ulation, you muſt note, That every one of the Ob- 
ſervations made at the firſt and ſecond Stations, ar 
too much by 13 z;o' (the Angle which the Stationary: 
line makes with the Meridian) and therefore mul: be 
ſubtracted from each: Thus, frotti 602 oof (the He. 
grees cut at the firſt Obſervation, made at the fit 
Station O) ſubtract 13 307, and there remains 44% 10 
for the Angle AOI, whole Complement to 180* 15 135 
40 the Angle AOP; and 15® 5o' ſubtracted frog 
439 45 (the Degrees cut at the firſt Obfervation, at U 
iccond Station) there will remain 252 55 for the Ar 
gle APO; and if you ſubtract 27? 550 from 44 10) 


there will remain +109 15 the Angle OA; and hig 
os q 


— ——————— — —L X 


— 


"> 7 
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| the Angles in the Triangle APO, and one fide OP, 
zou may eaſily find the other Sides, as was ſhewed in 
the other Example: but the working I ſhall leave to 
the young Artiſt to perform, and proceed next to 
bew how the moſt remarkable Places in a Town or 
City may be taken and laid down in a Map. 


* 


— 


Se ML 
Lip to tage the Diſtances of the moſt remarkable 


Places in a Town or City. 


Let A, B, C, D, E, F, G, H, K, L, and M be ſome 
eminent Places in a City, ſuch as are nominated in the 
Table following; of which make choice of two, from 
each of which all the reſt may be ſeen, as L St Giles's, 
ind M St. Helen's; then upon St. Giles at L, ſet up 
our Theodolite, or Semicircle, laying the Index upon 
he North and South Diameter thereof; and then turn 
tie Inftrument about, till through the Sights you ſee 
dt. Helen's at M, and there fix it. 

Then move the Index till thro? the Sights you ſee 
ne North-Gate, the Index cutting 37 30. Then di- 
[ct it to the School-houſe, the Index cutting 77 o0ʃ, 
2nd ſo to all the remarkable Places about the Town, 
ting down what Degrees the Index cuts at every Place, 
ich ſuppoſe to be ſuch as are exhibited in the 1-cond 
Column of the following Table under Station I. St. 
then removing from St. Ciles's to St. Helen's, there 
K up your Inſtrument, lay ing the Index upon the 
Narth | 8 7 l I- 
worth and South Diameter thereof, (as hefore) and turn 
e Inſtrument about till through the Sights you fac 
« 28S, and there fix it. 


Ther 
114K 44 


LY RR E Y 
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Then turning the Index about, direct your Sights t) cuttin 
the North-Gate, the Index cutting. 16? go', whit, ting 4 
note down then to the School-houſe, che Index eutting 


36® 45, and ſo to all the remarkable Places, x let be 
before; ſo ſhall you find the Degre2s cur by the lids 2350 


at the ſeveral Directions, to be ſuck as are ſet domnin 4+ 
the laſt Column of the Table, under Station 11.5; pen 
Helen's: thro t 
station 
till thr 
Ehe Names of the Places Station I. tation 1, 1 
you obſerve, t. Gries s|St. Helens hoſe N 
| deg. min. ſueg. min es 
A. North-OGals r ons in t 
B. School-houſe 77 do ; In th 
C. Cbriſt- Church 11s 20 [27 7 lliſtance 
D. Priſou- Hoinſe 123 45 [60 © leg. and 
E. St. Benedict's 168 00 146 15 whoſe ( 
F. South-Gate 1872011907 --:- 36 CLR, ti 

G. The Hoſpital 210 451206 oo 
H. The Town Hal! 216 30 By ch 

K. The Old Tower  |317 30342 


„ _ 2 4 — 4 4 


| As 

Having thus finiſhed your Table of Obſervations 5 
the next thing that you are to do, is to find the ah 
Diſtance between L St. Giles s, and NI St. He's: 10 
which to do, (if you cannot conVenientliy mealure | 2 
within the Town) You may go but thereof into ſome 


near-adjoining Field, of other open Places; Whete j0 * 
may conveniently fee both the Places z as ſuppole!! To 
Field at O, and R; Whetez NE: 1 Ie 

1. Set up your Inſtrument at O, the Index 1ying 8 ; 


the North and South Diatnetet thefevfz and fufn © To 1 
Inſtrument about till thto* the Sights you fee St, C 
at L; and then fix the Initrutnent; 


2. The Inſtrument thus Bxeds difect Fhe Sights * 


F F "= > 0, 3 .»» % * | Tak 1 
any Mark ſet up at a Giſtanze as at Ry the lade“ 7 
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utting 106 deg, and then to St. Helens, the Index cut- 
ung 40 deg. : 

3. Meaſure the Diſtance between O and R, which 
let be 470 geometrical Paces (of 5 Foot to a Pace) or 
2350 Feet! 

4. Set up your Inſtrument at R, the Index lying 
upon the Diameter, as before, turning it about till 
tho the Sights you ſee a Mark ſet up at your former 
Station at O, and there fix it : Then move the Index, 
till thro? the Sights you ſee St. Giles's at L, the Index, 
cutting 36 deg. then move it forwarder, till you ſee 
dt. Helens at M, the Index cutting 65 30. And by 
heſe two Obſervations, the Diſtance between St. 
Giles's and St. Helens may be obtain'd by the Directi- 
ons in the foregoing Section. For, 

In the Triangle LOR, you have given, (1.) The 
liſtance OR 2350 Feet. (2) The Angles LOR 106 
leg. and LRO 36 deg. the Sum of them is 142 deg. 
oſe Complement to 1809? is 38 deg. for the Angle 
)LR, to find Lo. Then, 


By the firſt Caſe oblique-angled Triangles, 


As s. 389 of OLR O. 2106580 
To OR 2350 3-3710679 
So s. 369 oo! LRO 9. 7692187 
To LO 2244 | 3.3509446 
St _ 
Again, 
As s. OLR 38? oo O. 21065380 
To OR 2350 3-3710679 
So s. LOR 1062? (Com, 74 9.9828416 
To LR 3669 | 3:5945075 


— — — cd 


* Again, 
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Again, in the Triangle OMR, there is given, /;, 
The Side OR 2350. (2.) The Angle ORM 630 3% 
(3. The Angle MOR 66 deg. and allo the Ang 
OMR 48? 30% to find MR, by Caſe I. thus: 


Chap 


Thus 
of E al 
Wy dov 
Diſtanc: 
Directic 


2 s. OMR 48 300 O. 125541, obe 
o OR 2350 , 3: 3710659 
ö 7 
So s. MOR 66 1 9.960 305 
b o — — 

; e F 9 hu ha > 1 

To MR 2866 FLAT e 3.437 5420 
04 Hg gl tt — — 


Then for the Diſtance EM, in the Triangle LRM, 
there is given, (1.) The Side LK 3669. (2+) The Side 
MR 2866. (3.) The Angle LRM 299 3of, compte. 
hended between LR ard MR; to find the. Side LM, by 
Caſe III. of oblique-angled Triangles. 


As the Sum of the Sides 6535 6.184754 
To the Difference of the Sides 803 2.9047155 
SO is t. of half the Sum of the op- 1 

poſite Angles, 76” 15 5195058 


— ————_— 


To the t. of half their Diff. 230 010 9.669053; 


Zum 100 16=LMR 
Diff. 30 14=MLR 


Then by Caſe the firſt, 
As s. MER 502 14 0.112081 
To MR 2866 3.457342 
So is s. LRM 299 300 9.692338 


To LM 1836 3.263940 
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Thus having found the Diſtance between St. Giles'S 

L, and St. Helens at M, to be 1836 Feet, you may 
y down all the other Places, according to their true 
Jiſtances and Situations one from another, by the 
Jirections of the ſecond Section before-going, and as 
jou ſee done in the Figure below. 


ir the Trigonometrical Calculation of the Diſ- 
5 you muſt obſerve the Directions in the ſecond 
0 of this Chapter, and ſecond Example ; only 
de that all Places which fall below the Line LM, 
de Places repreſented by F, G, H, and K, you muſt 
10” out of the Degrees and Minutes taken at 
ts Thus the Degrees cut in making the Ob- 

R 2 ſervation 
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Complement of the Degrees to 360. 


is the Angle LMF; 


aw 


I, ails 109 00! for the Angle LFM; 


LM, to find the Sides FL and FM. 
not need to lay any 
leave 


and St. Zieles, as below in the Table. 


Part Il 


{ervation to F from St. Giles's, are 187? 30% Out «| 
which take 18029, and the remainder is 7 20 the 
Angle MF: and to find the Angle at M, take the 
Thus the De. 
grees obſerved at St. Hele ens to F are 197” 30/ which 
tubtracted from 360, the remainder is 1629 30 which 
and the Sum of 162® 20', and 
20::20<-18 170 deg. which taken from 180, there r. 
ſo have you al 
the Angles in the Triangle FEM, and alſo the Sid; 
I think [ ſal 
thing more about it, but (il 
the working 10 the ingenious Reader, and only 
ic We 16 n tlie THE Ances of each Place from St. Giles Q 


| Fee | Feet 
o | A 1455 o | A 3119 
bn B 1700 2 B 2769 
1 356 310 1661 
4D 1656 24D 1382 
2E 2522 5 FE 820 
* * 3180 = E 1380 
S | G 21:9 oO | & 1104 
— 4 3207 — H 2047 
(K 1300 LK 2936 

C HAF. III. SEE 


Of a Fort, or H of {fication ; and of ſeveral Ait 
to be ol ſer o ed therein. 


i. Fort is made to the intent that a few) 
greater Number. 


Place, againſt a 
with a Rampire or Wall, 


Place is envir _ 


might be able to defend themſelves, "id t 
2. ee t 


Dic 1 


hap 


Ditch, 
impede 
the Sid. 
Ficier 
which | 
tuns Ol 
Curtain 
ſhould 

ong, it 
will be 
[couring 
ther to 
licular 
irg the 
ttendec 
z0rge b 
ſoralmue 
efznce, 
ended 
5 may b 
ord Fla 
ver tO 
eier, fo 
utward, 
dan 90 
3 tho in 
nouider 
iT, Ohe 
de INV 
B Degre. 
er — le 
' Difent 
"ety ard 

0 U ect, 
11 
Wel Side 
lose a 


0 al ] 


"We 3 
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Mech, of ſufficient height, breadth, and depth, to 
impede the Aſſaults of an Enemy. 3. And becauſe 
the Sides thus inclofing a Fort are not of themſelves 
cient, they have therefore Flanks to defend them; 
hich Flanks are alſo themſelves flanked by the Cur- 
ins or Sides. 4. And for the better defence of each 
urtain, it is requiſite that every Side of a Fort 
ſhould have two Flanks; and if the Curtain be very 
long, it may have four, ſix or more. 5. And fo there 
vill be two Flanks placed near together, the one 
ouring the Side towards the right Hand, and the 
ther towards the left, either Flank ſtanding perpen- 
icular to the Curtain that they flank. 6. And ſee- 
ig the Curtains and Fronts of a Fort are eſpecially 
ended; therefore the greater the Flanks, and the 
org between them are, the better they are. 7. And 
bralmuch as the Front of a Bulwark needs the moſt 
fence, it ought ſo to be drawn, that it may be 
ended by Shot from as great a part of the Curtain 
s may be, which part of the Curtain is called the ſe- 
ord Flank, 8. The outward flanking Angle ought 
erer to exceed 150 Degrees; for by how much the 
fr, fo much the better it is: neither ſhould the 
ward, or Diamond-point of a Bulwark be greater 
an go Degrees, or leſſer than 60 Degrees. 9. And 
the invard flanking Angle, and the Angle of the 
novider of the Bulwark increaſe. and decreafe toge- 
er, one exceeding the other go Degrees; therefore, 
de inward flanking Angle ſhould never be leſs than 
Degrees, ſo the Angle of the Shoulder ſhould ne- 
& br leſs than 105 Degrees. 10 The longeſt Line 
Defence, drawn from the Angle of the Flank to the 
W² Zͤrd Angle of the Bulwark, ſhould never exceed 
2 Feet, for that it ought not to be without Muſket- 
i 11. A regular Fort is ſuch a Fort as confiſts of 
Wel Sides and Angles. And 22. ſuch a Fort doth 
Uo a greater quantity of Ground, and the Force 
M3! Parts alike; therefore a regular Fort, if the 
1 Ground 


— — 
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Ground or Place will admit, is better than an irreoy, 
lar one of the like number of Sides and Angles, pf 


hap, 


1008 
NIV. 1 


Ard by what hath been already ſaid, in the cighth | 0G 

beforegoing, it is evident, that a Fort of three Sig XV. T 
and Angles is of no moment, nor one of four (| XVI. I 
any great value; but the more Sides and Angles ul.“ 


Fort hath, the better and ſtronger it is. Wherefer: 
14. If the fixed Line of Defence be 720 or 72 Ro. 
then may the Curtain be about 42 Rods, the Front 9 
the Bulwark abont 28 Rods, and the Flank to th 
Gorge as 6 is to 7, and the Angle forming the Flank 


VIII. 
with ; 
IX. 1 
de, 
1 


about 40 Degrees. . 
— . Du 

| XXII. 

rr II. and C 

XXIII. 

Explaining the Terms ef Art uſed in Fortificatim, XIV. 
eſpecially of the Parts or Members of a Fart. Ramp 


XV. | 
XVI. 
AI. 
XVIII 
AIX 
IX. - 
XXI. 


* 


J. A Fort is a piece of Ground environed with a Ram. 
pire or Wall, and a Ditch to impede the Aſſaults of 
an Enemy. | 

II. A Fortrels is a ſmall Fort, Caſtle, or Sconce. 

III. A Rampire is a Wall of Earth encloſing the Pla: 
tortified, the Foot or Foundation whereot is {in thi 


5 | XXII. 
Figure below) noted with 4 6, 1 15 
IV. A Curtain ON. XXIV 


V. A Bulwark NFGHE.. 

VI. The Front of a Bulwark FG, or KL. 

VII. A Fiank NF, or OL. 

VIII. The Gorge of a Bulwark, or the ſpacc beta 


XXV. 
AXVI 


: he ] 
two Flanks, as NE. oe 
IX. The Gorge Line NC. mch 1 


the ! 


X. The Head-Line CG. C 
t. 


XI. Ihe Shoulder F, or L. | 
rr a . ü Co 
XII. The Diamond-Point of the Bulwark, or i 
times the flanked Angle of the Bulwars, Us 
| XIII 


— — 
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XIII. The ſecond Flank O 7. 
V. The fixing-fixed, or longeſt Line of Defence, 


06. 
XV. The fhorteſt Line of Defence, i G. 
XVI. The inward flanking Angle F 7N. 
VII. The outward flank Angle, K PG. | 
VIII. The Falſe-bray, the Breadth whereof is noted 


with BC. 
IX. The Ditch, the Breadth whereof is noted with 


de. 
I. The Covert-way, the Breadth whereof is noted | 


with e. 

XI. A Caſemate, 

XXII, The Parapet, viz. of the Rampire, Feen 
and Covertway. 

XXIII. The Walk on-the Rampire. 

XIV. The Scarp inward and outward, viz. of the 
Rampire, Parapets, and-Ditch. 

NV. Paliſadoes. 

XVI. A Bank or Foot- path. 

XVII. The Brim of the Ditch. 

XVIII. The Counterſcarp. 

XIX A Ravelin. 

XX. An Halt-Moon. 

XXI. A Horn-work. 

XXII. A Trench. 

XXIII. Gabions. 

XXIV. A Breach. 

XXV. A Maine. a 

XXVI. A Counter-mine. 


There are ſeveral other Terms uſed in this Art, 
ch I ſhall here omit, my deſign. being only to ap- 
the Doctrine of Plain Triangles to Practice in this 
t, 


R 4 SECT. 


7 


— — 
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. 


Ts find the Quantity of the Angles in all P 711 
a Fort, of any Number of Sides propoſed, 


By the 13th Axiom ſoregoing, a Fort is to corſf 
of four Sides at leaſt; and by the 8th Axiom, the gab. 
ed Angle of a Bulwark ought to be at leaſt 60 degra, 
therefore in a regular Fort of four Sides, the Aanked 
Angle of each Bulwark ought to be 60 deg ; and, by 
the gth Axiom, the outward flanking Angle (exceed- 
ing the inward flanking Angle by go deg.) mult nee 
be 150 deg. | 
In this Figure, let BC be one fide of a Square fur. 
tified with four Bulwarks, one of which let beN,F, 
G, H, T; and ſeeing the flanked Angle of this Bul- 
wark FGH is 60 deg. therefore the half thereof FO 
is 30 deg. and IGC (being equal to DCA, nameh, 
halt the Angle of the Tetragon or Square) 45 dg, 
therefore SGF 15 deg. and the Complement thereof 
SFG 75 deg. wher«to is equal the Angle IMG, which 
is half KMG. Therefore ihe outward flanking Ange 
KM is 150 deg. Which was to be proved. 
And thus ſeeing in a quadrangular Fort, the flank 
ed Angle is 60 deg. and the outward flanking Ange 
150 deg. what theſe Angles will be in other Fc 
conſiſting of more Sides than four, we may find h 
Help of theſe in manner following : jor which this 
- 38: he 


D 
Subtract the Angle of the Square go deg. from hi 
Angle of the Polygon; half the Remainder add to l- 
flanked Angle of the Square (vix. 60 deg.) ſo hae 
you the flanked Angle of the Polygon propoſed. Allo 
| ſubtract the Half-remainder from the flanking Ange 
| of the Square (viz. 150®) and the Remainder 15" 
| tanking Angle of the Polygon propoſed. 


3 


LC” et. EELES 


> SDwSS>S>w SD © tvs 


n 
— ũ ́M 
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EXAMPLE I. 
Of a Pentagon. 


The Angle at of the be being 
Subtract the Angle of the Square ſubtract 
The Remainder is 


The half thereof is 
Which added to to the flanked Angles of the Square 6 
Gives the flanked Angle ol the Pentagon bg 
From the flanking Angle of the Square 150 
Subtract the aforeſaid halt Remainder 9 La 
There remains the flanking Ang. of the Pentagon 14; oubt. 
Ther 
LAME LE 138 
An 
of a Hexagon. as 
| pendic 
From the Angle of the Hexagon, being 179 al thi 
Subtract the. Angle of the Square 90 follow 
And there remains 30 Ore ! 
The halt whereot is | [5 Wark a 
Added to the flanked Angle of the Square 90 
zxives tlic Aanked Angle of the Hexagon 75 
And from the Banking Angle of the Square : -150 Tol 
Subtract the fore ſaid half Remainder 1; ad ah 
here remains the flanking Angle of the Hexagon 13; #ho Su 
he ha! 
And proceeding in this Manner, you ſhall find, that ether 
che flanked Angle Will not be 9o degrees, till you come Lon 
io a Fort ci tw ſelve Sides. Fiutre. | 


Now the flanked Angle of a Bu! wark being know! 
vou may thereby come to the Knowledge ot all ti oc 
Other Angles requiſite to be known, 


1＋ 


j!) 


Of Fortification. 
In Fig. 3. Let BC be the Side of a Pen 
tagon, whoſe Angle at the Center is BAC | 


Chap. 3. 


The half whereof 1s 
The Complement thereof to go deg. is DCA | 


CAD | 
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d. m. 
72-00 
36.00 
54.00 


Now admit the Angle at the Bulwark FG H 69.00 
The half thereof FCG | 34.30 
&btracted from SGC, is equal to DCA] 54.00 
Remains the inward flanking Angle SGF | 19.30 
Equal to FPN, the Compl. of either SFG 70.30 
gubtracted from two Right Angles 180,00 
Leaves the Angle of the Shoulder NFG | 109.30 

Again, The fame Angle SFG, or IMG | 570.30 
Doubled, gives the outward flanked Angle | 

KMG | 141.00 

Laſtly, From two right Angles | 180. oo 
Subt. half the Ang. of the Polygon BCA 54-00 
There remains the Angle DCG | 1236.00 


And thus, from any flanked Angle propoſed, you 
may find the Quantities of the other Angles. 

But for any Polygon propoſed, you may more com- 
pendiouſly ſet down the Angles of the Bulwark, and 
il the oches Angles after the form of this Example 
following; remembring, that if the Polygon have 


more than 12 Sides, you make the Angles at the Bul- 
Wark a right Angle. 


d. m 
To half the Angle of the Polygon BCA 54-00 
Add always | I 5.00 
ine Sum is the flanked Angle I'GH 69.00 
ihe halt whereof FGC 3430 
subtract from half the Angle of the Poly- 
een BCA | 54. oo 
Lure remains the inward flanking Angle | 
Ty SGF | - 19.00 
hole Complement is >FG | 70.30 


Which 
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= Which ſubtracted from two right Angles | 180.09 

| Leaves the Angle of the Shoulder GFN 109.00 
A And the fame Complement SFG, or IMG | 70.30 
1 Doubled, is the outward flanking Ang. KMG | 141.99 


For the Angle forming the Flank, namely, the 
| Angle FCN, it may be always about 40 Degrees, 


And according to this Rule is the following Tab! 
| made. 


AT ABLA 


——— — 
— — 


x 
| 
. 
1 
i 
1 
| 
[ 


— —— — e 


1TAB 


—— Ames. 


LE of the Dimenſions of th 


e Angles 


obſerved in for- 
tifying the regular Polygons following 


Number of the Sides of the P 


7 


Angle at the Center 
Angle of the Polygon 


To which (always) add 


The flanked Angle 
Half che flanked Angle 


Angle of the Shoulder 


* 


Half the Angle of the Polygon 


Inward flank Ang. FPN, or 
Which add to a Right Angle 


Angle oppofite to the Head Line 
Angie oppoſite to the Front 
Complement of SGF, vu. 


Outward flanking Angle 
Angle fronting the Flank 


ä 


2 


olygons. | V | 
D. . 
BAG 2. oo 
BCEI: 08.00 
BCAL <i.60 
15.00 

FSE 69. o 
100 34-39 
SGH] 19.30 
90.00 
NFG]109. 30 
GFC| c9.30 
FCG $6.00 
KMG!141. 0 
FCN} 40. o 


VI | 
| 


PB. NM. P. MiD M. P. MID: 


60. oo 51.26 
120.00 128.34 
60. 0 64.17 
15. 01 15.0 
75.0 79.17 
37-30 
22.30 


| 24.39 


112.30 114.39 


62.30 64.39 
80. oJ 75.43 
67.30j 65.41 


135. O 131.22 
40. 0 


| 


VII VIII Ix | 


| 


39-38 


90. ©; 90. 0 


40. © 40: ©; 


X 
M. 
45-00 | 40. 36.90 
135. @ £40. 0144. 0 
67.300 70. O 72. 0 
15.0 155 Off 15. o 
82. 30 85 087. o 
41.15 42˙30 43.30 
26.15 27+3 20.30! 
90. O| 00+ cC 90. o 
116.15 1117-3C 118.30 
66.15 | 67-30 68.30 
72:30 70.50 68. 0 
03-45 | 62.30 61.30 
127-39 25. Oft23. o 
40. Of 40. 0; 


— 


— 


* 


K 


7; and let the Angles be as are expreſſed in the Table 
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Of the Quantity of the Curtains, Flanks, Fronts, 
Gorges, and Lines and Sides, in regular Fort. 
of any determined number of Sides. 


There is no necellity that the Angles in Forts ſhould 
be exactly ſuch as are found by the foregoing Rults, 
but they may be ſomething more or lels, as the Place 
or other Occaſions ſhall require : But firſt, ſuppoſing whie! 
them to be ſuch, I will ſhew how to determine the or th 
quantity of the Sides and Lines of a Fort accordingly, Fark 
by Trigonometrical Calculation. | 

The Length of the Curtain, and of the Front of the 
Bulwark given, to find what the other Sides and Lines 
{hould be. 

As in the regular Pentagonal Fort, Fig. III. and fo a 
in others, to the intent the Line of Defence may be 
about 72 Rods, the Curtain 42, and the Front about ! 
28, as is before noted in the 14th Axiom, and that 
the Proportion of the Flank to the Gorge be as 6 to 


In 


Frian 


above: Then, 


The Curtain is ON 420 Fett 
The Front of the Bulwark FG 280 Feet 


Then will the reſt of the Sides be found by Trigo: 
nometrical Calculation, as followeth. 


In the right- angled F riangle SGF; by Cafe III. 
As Radius 998 10. 
To the Front of the Bulwark FG 280 2.44/14 
So is s. of the inward flanking Angle 


SGEF 19 30% 19.5235 
„ 1.97065 
Again, 


An by the ſame Caſe, 


As Radius 90? 10. 
To the Front of the Bulwark FG 280 
Feet [ * 1715 


So the Coſine of the inward flanking 
Angle 700 300 9.97435 

To the Line SG 263.94 Feet 2.42150 

Half the Curtain SI : 210.00 add | 


The Sum is 473-94 for the Line IG; 
which doubled, is the Side of the outward Polygon, 
or the Diſtance of the Diamond-Points of the Bul- 
wark KG 947.88 Feet. 


In the Triangle IAG, by Caſe II, of right-angled 
Triangles ; 
As the s. of half the Angle at the Cen- 
ter IAG 360 00 9.76922 
Is to half the Side of the outward Pen- 
1267572 


tagon 473-94 | 
So is Radius 5 10. 


4 G o . ' | 
To the Semidiameter of the "Om 2.906 0 


Femin AG 806.3 


In the ſame Triangle, by Caſe 1. 
As s. of the Angle IAG 369? oo! Co. Ar. 0.23078 
To half the Side of the Pentagon 473.94 2.67572 
So is c. 8. of half the Angle at the 
Center AGI 54? OO 9 9207 96 


To the Perpend. of the outward Pen- 
tagon Al 052.3 5 


— - — — d</ * — — — 
. 8 . — E 
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In the Triangle FCG, by Caſe I. of ovique-anghey 
Triangles ; 


In the ſame Triangle, by the ſame Caſe ; 


In the Triangle FN, by Caſe III. of right-angled 
Triangles 


To the Flank 102.19 2.00941 


As the s. of the Angle FCG 86® oo! C; Ar. 0.00104 
Is to the Front FG 280 2.4471; 
So s. of the Angle FGC 34 30 9.7531 


To the Line FC 158.98 2.2013. 


1 


1 


As s. of the Angle FCG 86? oo Ar. E. . 00106 
To the Front FG 280 2.4471; 
So s. of the Angle GFC 59? 30 9.555 


To the Head-Line CG 241.44 4: 38353 
Which ſubtr. from AG 806.31 the Semidiam. gt 

the inner Pentagon 
There remains 564.87 


— —— —— 


In th 


tiangle 


As Rad. to the Line FC 158.98 before 
found GRACE 
So s. of the Angle forming the Flank N 


FCN 40 oo! 9.8050] 


— 


— — 


The Flank FN being 102.19 
Add to it the Line firſt found, SF 93.47 


The Sum is the Diff. of the Pentagons ID 195.69 


Which ſubtract from the Perpend. AI 652.32 


There remains 4.52.60 
for AD the Perpend, of the inner Pentagon. 


ln 


jn the Triangle FNC, by Caſe III. of right · angled 
angles. | 

Radius to the Line FC 158.98 2.20134 
80 Cs. of the Ang. forming the Flank FCN 9.88425 


To the Gorge Line NC 121.78 2.08559 
To the Gorge Line NC 121.78 
Add half the Curtain DN 210 


— w — 


The Sum is the Line DC 331.78 
Which doubled is BC 563.56 
for the Side of the Inner Pentagon. 


In the Triangle FPN, by Caſe I. of right-angled 
Triangles. = 
Ass. of the inner flanking Angle "Ry 0.47650 


160 307 


To the Flank FN 162. 19 2.00941 
So is the Coſine of the inner flanking 

Angle 160 300 997435 
To the Line PN 288.88 2.46026 


Which ſubt. from the Curt. ON 420 
The remaind. is the 2d Flank OP 1 31.42 
ln the Triangle ROG, by Caſe IV. of right-angled 


rangles. f 
To the Line before found SG 263.94 
Add the Curtain ON 420 


The Sum is the Line R&S 683-94 
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Cha 


Then Firſt, 
As the Line RO, or ID, 195.66 TR fon 
7.70950 
To the Line RG, 683.94 2.83305 
So is Radius t. 450 18 
To t. of the Angle ROG 74 020 10.5435 Of 
Secondly, I | 
As the s. of the Angle ROG 74 O2“ 9.9829 5 
Is to the Line RG 683.94. 2.8350 + 
So is Radius 10. hs 
EE be call 
To the length of the Line of B g. * 
OG 711.4 +0508 
Thus have you the manner how to find the Side 
Lines, and Angles of any regular Fortification, þ 
Trigonometricaf Calculation, whereby the Excellency 
of Plain Trigonometry in ſome meaſure doth 
the 
Adm 
ner diff, 
: _ 1. A 
5 85 80 
Tc 


CHAT 
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— — — 


e 
of NAVIGATION. 


SHALL ſhew the Uſefulneſs of Trigonome- 
[ try in this moſt excellent Art, in as brief a Me- 
thod as I can, yet ſo full and clear, as that it may 
be eaſily underſtood by a Learner; and firſt I ſhall be- 


gin with Th: 
SECT. L | 
P LAIN SAILING. 
CASE I. 


The Cour ſe and Diſtance run being given; to find 
the Difference of Latitude and Departure. 


Admit a Ship ſails SW b W. 496 Miles, I demand 
her difference of Latitude and Departure. 


1. As Rad. to the Diſt. run 496 2.69548 
So s. of the Courſe 569 15! 9.91985 
To the Departure 412.4 2.61533 

E 
8 
— 
bn 
7 2 | 
33-42 A 


. Departure 412.4. 
9 


| 
| 
| 
| 
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2. As Rad, to the Dift. run 496 2.69:48 * 
So cs. of the Rumb 330 45 9.74550 kn 
To the Diff. of Lat. 275.5 T7 

5 . 3 Rumb 

5 . . « O * | every 
Admit a Ship in the Latitude 320 North, and lai . 
away NE b N+E gz Leagues: I demand the Lyi. i 
tude and Departure. olemer 
1 Points 

1. As Rad. to the Diſt. run 92 L. 2.96478 Niſtand 
So is c. s. of the Courſe 502? 38! 9.8882; gp 
= | pom vi 
To the Diff. Lat. 71.1 2.95201 Depart 

The Cor 
Admi 
ence of 
| N 206 ce rur 

2. As Rad. to the Diſt, 92 L. 90% BY 
80 6 of the Courſe 390 22“ 9.8022! Ty; 

6601 30 i. 
To the Departure 38.4 34] . 
ot 


Divide the Diff. of Lat. and Departure by 20, (h 
dauſe 20 Le. is 1 Degree.) 


2,007, | 3,0)5.8 
—11 2—18 

3 : ; 
23 min. 54 
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do the Latitude the Ship is in is 359 239! North- 
and ge is departed from the Merid. 2 54 Eaſterly. 


pon Gunter's Scale there is a Line of Sines, and 
Rumbs, marked with SR, which is a Line divided to 
every quarter Point of the Compaſs in the Nature of a 
Line of Sines. If you extend your Compaſſes in that 
Line from Radius, which is at 8 Points, to the Com- 
plement of the Courſe, which in this Example is 4 
Points and a half ; that extent will reach from the 
Diſtance run 92, to the Difference of Latitude 71.1. | 
\nd extending from Radius to the Courſe gz Points, 'Y 
that will reach from 92 the Diſtance run, to 58.4 the 1 
Departure. 


1 — „— 


r 


he Courſe and Difference of Latitude being given, 
to find the Diſtance and Departure, 


Admit a Ship ſails NW b W W, until her Diffe- 
nce of Latitude be 275.5 Miles: I demand her Diſ- 
ance run, and Departure. | 
. As cs. Courſe 28® 80 9.67350 

To the Diff. of Lat. 275.5 2.44011 

30 is Radius 10. 


To the Diſtance run 584.3 


*S#5 CY * f ö 


> 


— 
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As Rad. to the Diſtance run 584. 3 2.7666; 
So is the s. of the Courſe 61® 52/ * 
9.9459 
— — —— 
To the Departure 515.2 2.7121; , 0 
Di 
Admit a Ship in the Latitude of 40? North, il Adm 
away NW b N g W, until ſhe comes into the Lui: 12.5 N 
of £26 8B. 2-1 demand her Diſtance run, and Der „. Noce of 
ture. 1. At 
To 
439 56' . 15 cs. of the Courſe 50” 37 9.88511 0 
40 O To the Diff. of Lat. 2 2.372 
| So is Radius Io. lo 
3 50 — 
60 To the Diſtance run 3053. 3 2.4975 
236 Miles 
4 
D 
9 
el 
2. As! 
5 80 C. 
2. As Radius to the Diſt. run 205.2 2.484% 
So is the Sine of the Courſe 299 230 9.5022 To 
To the Departure 193-75 2.25724 
if you extend the Compailes in che Line S to Amir 
4 Points to Radius, that extent will reach ron = SS 
10 305. 3 in the Line of Numbers A ang Tl th on CON LEATLE 
Proportion extend from Radius to 3, parts, that tale t 


reach in the Line of Numbers from 20 to 19775 
Cal 


- * 
—— -—_ Ez » 
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A ml 


Cuurſe, and Departure being given; to o find the | 
Diftance run, and Difference of Latif 


7 Ship fails SW b W until he Weſting be 
Miles: I demand her Diſtance ſail'd, and Diffe- 
* ck Latitude 


. As s. of the Courſe 56110 9.91985 
To the Departure 4123 261342 
So is Radius 10. 

To the Diſtance run 496.1 2.69457 


2. As Rad. to the Diſtance 496.1 2.69537 
So cs. of the Courſe 330 45 8 L 74474 
To the Diff. of Latitude 275.6 2. 44031 


— „ 


Admit a Ship in the Latitude of” 50? North, and 
ISW bsS until ſhe be departed * the Meridian 

Leagues: I demand the Diſtance run, and wit 
attt 1106 the Ship is now in. | 


8 4 Is As 


1 
— 
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t. As 8. of the Courſe 33* 45 9.74474 
Is to the Departure 62 1.7923 
So is Radius Ic. 

To the Diſtance run 111.6 2.0476; 


2. As Rad. to the Diſtance run 11 1.6 2.0415 
So cs. of the Courſe 56® 15 9.919%; 


To the Diff. of Latitude 92.8 1.96750 


Lat. come from 502 oO 
Diff. Lat. ſubtr. 4 38 


Lat. come to 45 22 


GC AE w. 


The Diſtance run, and difference of Latitude giv", 
to find the Courſe and Departure, 


Admit a Ship in the Latitude of 69 North, . 
ſails away between the N. and E. 98 Leagues, unt 
ſhe comes into the Latitude of 90 45/. 1 demand the 

Courſe and Departure. | 1 


As 


The 
little ab 
The 


Chap. 4. Of Plain Sailing. 265 


9? 45" 
As the Diſtance run 98 1.99123] 6 oo 
Is to Radius 10. — 
So is the Diff. Lat. 75 1. $75064 3 45 
20 
To cs. of the Courſe 40? O '9. 88383 
| 75 
BA 
* 
2 
* 
fs \s Radius to the Diftance run 98 1.99123 
;, of the Courſe 400 047 9. 80867 
To the Departure 63.1 l 1.79990 


The Courſe is NE b N 60 19! Eaſterly ; that i is, 3 
lttle above + a point Eaſterly. 
The increaſe of Longitude is 30 90 


111. TIFAY — 


— 


. 


Admit a Ship i in 40? N, 1 ſails away be- 
mern the S. and W. 105 Leagues, until ſhe comes into 


the Latitude of 362 060. I demand her Courſe, and 
Departure. 


00 00! 

4b 06 As the Diftance run 105 Le. 2.021189 
—— Is to Radius 10. 

354 So is che Diff. of Lat. 78 1.392094 
20 — 


— o cs. of the Courſe 429 1 9.850905 
Diff. Lat. 


As 


4 ">> . 4 * d — 
2 — 
j—ͤ—jää—ẽ—— ee — — e. . 
8 - « 
— - ——k 1 
z * 


„— — 


— —ä— — 
jp" HT . = 


Ate. A 


> 
— th ů — — 


—— 3 - - 
* 
—— — — 
* 


— — —— —— ——) r — 


| 
| 
| 
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78 Leagues 


As Radius to the Diſtance run 105 2.021195 
So s. of the Courſe 420 010 9.62505! 
To the Departure 50. 3 1.646840 40? C 
3 5. 
0 0; 
CA-SEV. 
The Diſtance run, and Departure being green; u Ml, 3 
7 | * ' *D21 37 ' Halls an 
find the Courſe, and Difference sf Latituae. Er 
£1 mand 
Admit a Ship in the Latitude of 40 S. and fails be. ¶ Lyity, 
tween the N. and E 100 Leagues, until ſhe be departed : 
from the Meridian 62 Leagues : I demand th Courle, A 
Difference of Latitude, and what Latitude the Ship E I 
come to. Sc 
| T. 
As the Diſtance run 100 2.00000 3 
Is to Radius 10. 
So is the Departure 62 | 1.79239 
EGS” 
To s. of the Courſe 38? 19 9.79239 


| 


As Radius to the Diſtance run 100 2.00000 
So cs. of the Courſe 519 41“ * 9.89404 


To the Difference of Latitude 78.5 1.89404 


400 oo! Lat. departed from 
3 55 Diff. of Lat. ſubt. 


—— A—n 


36 05 Lat. the Ship is come to. 


—— 


1 WD, LE 
p : - r p - 


Admit a Ship in the Latitude of 10 South, and 


ils away between the N. and W. 96 Leagues, until 


ſhe be departed from the Meridian 56 Leagues. I de- 
mand her Courſe, Difference of Latitude, and what 
Latitude ſhe is come into. | Yn 


As the Diſtance run 96 1.982271 
(( 10. 
So is the Departure 56 1.748188 


* 


To s. of the Courſe 35? 41” 9.765917 | 
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. Le 


| 


As Radius to the Diſtance run 96 1.98227; 


So cs. of the Courſe 54® 19/ 9.909691 
To the Difference of Latitude 78 3.891961 


3 54' Difference of Latitude 


1 oo Lat. come from ſubtr. 


2 54 Lat. come to. 


ts. 


CASE VI. 


The Difference of Latitude; and the Departure be. 
ing given; to find the Courſe and Diſtances run. 


Admit a Ship in the Latitude of 200 S uth, and 
fails away between the North and Eaſt until ſhe comes 
into the Latitude 160 15', and be departed from the 
Meridian 59 Leagues. I demand the Courſe and Dil 
tance run. 

20? o/ 
16 15 


3 45 Diff. Lat. = 75 Leaguss. 


A 
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As the Diff. of Lat. 75 Leagues 1.87 506 
Is to Radius or Tangent of 45 10. 

So is the Departure 39 Leagues 1.77085 
To the t. of the Courſe 389 11 9.89579 


Ass. of the Courſe 380 117 9.79111 
Is to the Departure 59 1.77085 
Sois Radius 10. 

To the Diſtance run 98. 4 os; 1.97974 


The Courſe is NE b N 49 26/ Eaſterly. 


— — 


* 


Admit a Ship in the Latitude of 2029 North, and 
fails away between the South and Eaſt, until ſhe comes 
into the Latitude 160, and be departed from the Me- 


idian 64 Leagues. I demand her Courſe and Diſtance 
run, | | 


299 
10 As the Diff of Lat. 80 Leagues 1.90309 
—— Is to Radius 10. 


4 So is the Departure 64 Leagues 180618 
20 Nh 


| ag To t. of the Courſe 380 400 . 9.90309 
0 
As 
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ww 
G 
81 — 
64 Le 
As 8. of the Courſe 380 400 9 78530 
Is to the Departure 64 = 
So is Radius W Cour 


them 

Points 
Miles 
tne Di 
N of thi 
Courſ 
tude : 
partu1 
find t 
theref 


To the Diſtance run 102-4 


LY CT 


reſokue a Traverſe, or bring ſeven 


ing how t0 
e Cout ſes into one. 


ame 
8 bound (oli cauſe 

titude of 11 North, is ls 
A . but by reaſon 0 223 p 
\ Aut fails as followeth, SW. b 30 _—_— lM «nd 1 
3 NNW = W 32 ar wy hr Difference® and | 
1 ; ESE. 11 Miles. 4 * Diffen 
5 Departure and direct Courſe, Depa 


rance © 2 Nie 


Court 
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— ——— 


1 ee 2 
cute, 2 8 bier La | Departure. 
= - = 
p12 1 28 b 
- 2.5 5 f N. 4 8. PE 
WS 30 . 24.94 16.67 
8 33 O 13 33-00 | 1 
NNWZ WI 32] 24 | 2+ | 29-22 * 
oy 39| 4 | 6%: W 
ESE 11 | 6 7 ha 4.21 10 16 
Summ'd up 28.22] 90.07 16.62 59.21 
Subtract 28.22 16.62 
| — 
Difference of Latitude 67.85 Depar. 42.69 


By Caſe I. of Plain- Sailing, find the Difference of 
Latitude and Departure from the Meridian, for all the 
Courſes and Diſtances ſeverally; thus in the firſt of 
them there is given the Courſe SW 3 8, that is 3 
Points from the Meridian, and the Diſtance run 20 
Miles: Then as Radius to 30, ſo is cs. of the Courſe to 
the Difference of Latitude; and as Radius to 30, ſo s. 
of the Courſe to the Departure. Then becauſe the 
Courſe is S. Weſterly, place the Difference of Lati- 
tude 24.94 in the South Column under S. and the De- 
parture 16.67 in the Weſt Column under W; then 
ind the Difference for the Courſe which is S, and 
therefore the Difference of Latitude will be 33 the 
ame as the Diſtance, which place under S. and be- 
cauſe there is no Eaſting nor Weſting, therefore there 
5 nothing to put in the Eaſt or Weſt Columns. Then 
tor the next Courſe, find the Difference of Latitude 
and Departure by the laſt Sect. Caſe I. as before; 
ad becauſe the Courſe is North Weſterly, place the 
Difference of Latitude in the N. Column, and the 


Departure in the W. Column, and fo proceed in 
al the reſt, 


Having 
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Having found the Difference of Latitude and Depar. In 
ture from the Meridian for each Courſe, and placed Cour. 
them in their proper Columns; add up the North, in the 
South, Eaſt and Weſt Columns, and ſubtract the North Colut 
and South Columns one from the other, that is the found 
leaſt from the greateſt, in like manner the Eaſt and Courl 
Weſt Columns. As in the foregoing Table, the Sum ridian 
of the North Column is 28.22, ſubtract from the Sum by co 
of the South Column 96.07, the Remainder 17.85 is in wh 
the Difference of Latitude Southerly : and the Sum of With R 
the Eaſt Column 16.62, ſubtracted from the Sum of ſeconc 
the Weſt Column 59.31, the Remainder 42.69 is the rallel, 
Departure from the Meridian Weſterly. and fo 
To delineate or draw a Traverſe by Scale and Com- By 
paſſes, Mr. Atkinſen in his Epitomy gives us four beate 
Rules for finding the Angles between the Courſes; Firl 
which are as followeth. Arch 1 
Points. 
Rule 1. Two Meridians, and two Parallels; the the Di 
leſſer Courſe ſubtracted from the greater, gives the Sec 
Angle between both Courſes. Ih t 
Rule 2. Two Meridians, and one Parallel ; add both that is, 
Courſes together, AD, a 
Rule 3. One Meridian, and two Parallels ; ſubtract ater th 
the Sum of both Courſes from 16 Points. 
Rule 4. One Meridian, and one Parallel; add 8 
Points, the leſſer Courſe, and the Complement of the 
greater together; the Sum is the ſaid Angle. 
Note 1. North and South are called Meridians, and | 
Faſt and Weſt are called Parallels. Hav! 
2. By Complement of the greater Courſe, under: Me, t 
ſtand how much it wants of 8 Points. : | ound, 
3. To know the Meridians and Parallels, the fir As 
and ſecond Courſes are compared together, and tie Te 
ſecond and third, and the third and fourth, &c. S0 


ſa} 
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In the foregoing Example, having ſet down the 
Courſes, the Diſtances, and Points from the Meridian 
the firſt, ſecond, and third Columns, in the fourth 
Column put the Points for laying down, which are 
bound by the four foregoing Rules, thus: The firſt 
Courſe is ever the ſame with the Points from the Me- 
dan; for the ſecond Courſe it is 13 Points, found 
by comparing the firſt and ſecond Courſes together, 
in which are 1 Meridian and 1 Parallel, and by the 
ah Rule it makes 13 Points. Again, comparing the 
ſccond and third, and it is 2 Meridians and one Pa- 
rallel, which by the ſecond Rule makes 2 Points; 
ind ſo for the reſt as in the foregoing Table. 

By theſe Points for laying down it is eaſy to deli- 
neate the Traverſe, as in the following Scheme. 


Firſt draw the Meridian NS, and on N draw an 


Arch with 60 deg. of Chords; on which Arch lay 3 
Points, and by it draw a SW S Line, laying thereon 
the Diſtance 30 Miles from N to A. 

Secondly, With a Chord of. 60, and one Foot in A, 
vitk the other draw an Arch, on which lay 13 Points; 
that is, lay 7 Points and 6 Points, and draw the Line 
AB, and upon it lay the Diſtance 33 Miles : proceed 
after the lame manner with the reſt. 


119000 
1 08 Diff. Lat. ſubt. 


9 52 Lat. come into. 


Having the Difference of Latitude, and Depar- 


uh the direct Courſe and Diſtance may be thus 
bund. 


As Diff. Lat. 67.85 1.83155 

To Radius | IO, 

So is the Depart. 42.7 1.63033 
To t. Courſe 320 11 : 9.79878 


T As 
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2. 
IJ 
=S 
Difference of Lat og 000a 550 TE” oi do G2 cds 


*, rr 66% 6000 — 


*, F : 7 i Deparru re 427 y 


As cs Courſe 572 49/ 9.92755 
To Diff. Lat. 67.85 1.83155 
So is Radius 10 


— — 


To Diſtance 80. 17 1.90400 


| Suppoſe a Ship in the Latitude of 459 N, and i 
bound for a Port bearing NW W and in the Lati- 


tude of 500 57, but by reaſon of contrary Winds 
ſails as follows, NNW 23; Leagues, NE 2 E 42 Le. 
WNW 38 Le. W 20 Le. NS E 23 Le. N 12 Le. 
ENE 39 Le. SW W 48 Le. N E 31 Le. NNW 
W Zs Le. and WIN 4; Leagues: I dens m | 


Di 


Find 
ſyerabl 
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true Cour ſe 


275 
Nifference of Latitude, and Departure; and alſo the 


and Diſtance that I have made my way 


10d, and alſo the true Courſe and Diſtance to the 


Port I am bound to. 


Courſes. 5 of Differ. Lat. | Departure. | 
2 5 — * . 
Len 

Eu „ | 32.34 1 3-39 

NE GE 215 23. ; 5 

W 4 3-34 34-9 
WN 338 | © | 14.54 35-11 
W 20 | 8 20. 

NWN 233 | 1912 12.78 

2-15 

b 3916 | 14.92 30.03 

SW b W 48 5 26. 39.91 

NE „31304 6.05 

NNWaW | 38 | 23 | 33-51 17.91 

NN „ 7 6.78 44.14 
Summ'd up [188 95 20.66 | 77.c01183.24 
Subtract 26.56 | 77.00 

Difference of Latitude] i 52.29 Depar. [106.24] 


As Radius 
To Diſt. 35 
So s. Cour. 229 30of 


To Depar. 13.39 


As Radius 
To Diſt. 35 
So cs. Courſe 


To Diff. L, 32.34 
T 2 


10 
1 


9 


— — —-¼ — 


Find the Difference of Latitude and Departure an- 
ſyerable to every one of the Courſes, thus; 


54407 
58284 


1.12691 


L 


10 
1. 


— 


54407 


9.96561 


ys 50968 


Becauſe 


— 
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from the Weſt, 

ture Weſterly. 
You may delineate the Traverſe by the Northine. 

Southing, Faſting and Weſting, thus. ; 


"Fig ampanvdn © 


Part Il. 


Becauſe the Courſe is North Weſterly, place th: 
Difference of Latitude in the North Column, and the 
Departure in the Weſt Column; and proceed after th. 
fame manner to find all the reſt : then add up the ſe. 
veral Columns, and ſubtract the South from the North 
(the South being the leſſer.) And the Remainge, 
162.29 is the Difference of Latitude Northerly (because 
the N. Column is the greater) and ſubtract the Eat 
the Remainder 106.24 is the Depar. 


Ch⸗ 
Fi 
22.3. 
4%, 
| Scale 
with 
the D 
and 1 
and < 
take 2 
to c. 
foot « 
ſtroke 
in þ, C 
de NI 
oblerv. 
N. Col 
), Cont 
Vepart 
Right 
Eid to 
ſerence 
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le Me 
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aſt an 
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Then, 
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Firſt, draw the Meridian Line SN, then take 
12.34 from a Diagonal Scale, and * it from S to 
%, and take the Departure 13.39 from the ſame 
Scale, and ſet one foot of the Compaſſes in (a), and 
with the other ſtrike a little ſtroke at þ ; then take 
the Diſtance 35 from the Scale, and ſet one foot in 8, 
and with the other croſs the former ſtroke at 3, 
and draw S 5; then draw e parallel to SN, and 
take 2 3.34 the Difference of Latitude, and lay from 
to c, and take the Departure 34.92; and with one 
foot of the Compaſies in c, with the other ſtrike a 
froke at 4; and with 42 the Diſtance, with one foot 
a , croſs that ſtroke in 4, and draw 6 d which will 
» NE E, and ſo proceed with all the reſt. But 
obſerve, that if the Difference of Latitude be in the 
Column you muſt ſet it upwards, and if in the 
„Column it muſt be laid downwards; and if the 
Departure be in the E. Column, it muſt be laid to the 
Right hand, but if it be in the W. Column it muſt be 
d to the Left-hand : alſo obſerve, that the Dif- 
rence of Latitude, the Departure, and the Diſtance, 
awys make a right-angled Triangle, as you may ſee 
by the little prick*d Lines; upon thoſe which repreſent 
e Meridians I have figured the Difference of Lati- 
ce, and upon thoſe repreſenting the Parallels, or 
Lat and Weſt Lines, I have figured the Depar- 
Lure. ; , 
Then, by the Difference of Latitude and Depar- 


e upon a direct Courſe, ſay, 


As the Diff. of Lat. 162.29 2.21029 
to Radius 10. 

is the Departure 106.2 2.02612 
lo the t. of the Courſe 330 12 9.81583 


＋ 3 | As 
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As the s. of the Courſe 330 12/ 
Is to the Departure 106.2 
So is Radius 


To the Diſtance run 1939 


To the Dift. of Lat. 119 


where ſhe is, to the Port. 


50? 6707 
45 00 


5 572119 Le. 


Then, As the Diff. of Lat. 43. 3 
To Radius 
So is the Departure 71.9 


To the t. of the Courſe 58® 57 


As the s. of the Courſe 389 57! 
To the Depart. 71.9 
So is Radius 


To the Diſtance xun 83.9 


As cs of the Courſe to the Port 33® 45 02552 
So s. Courſe to the Port 369 150% 


To the Depart. at the Port 178.1 


Next, to find the Courſe and Diſtance from the Ship 


162.3 Diff. of Lat. at the Ship 158.1 Dep. at the Pon 
119 Diff. of Lat. at the Port 106.2 Dep. at the Ship 


—— ůů—ů ů ů— — — 


43.3 Diff. of Lat. to the Port 71.9 Dep. to the Port 


Part 11, char 
9.73843 80 t 
2.0261: N ne 

10. The 

1 L 
2.28769 The 

1 The 

2 

2 07555 — 
9.91955 
2.25000 

Obligu 

ang. 

Hail 

Prib 

one fa! 

ſhe fink 

ſecond 

betweet 

The 

Conſide 

be ing 

bel ang E 

1.62640 Point f 

10. ticrefor 

1.856% angle! 

2 vherefo 

10.2202 9 eg. 

—  ——g arch 
9.032048 =! 4 pc 

1.8306 32 
10. rom A 

——bonts, 

1.923 to 
1350 


3 A 
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do the Courſe I have made my way good is NW 


N nearly. 
The Diſtance run upon the ſame Courſe is 193.9 
Leagues. 
The direct Courſe to the Port is merely SW WAW. 
The Diſtance to the Port I am bound for is 83.9 
Leagues. 


—é 


SE CT. ML 


Oblique Sailing; or the Doctrine of Oblique- 


angled Triangles applied in Problems of Plain 
Sailing. 


Problem 1. Two Ships fail from the ſame Port, the 
one fails ENE, 85 Miles, the other E 4S ſo far until 
he find the firſt Ship bears NW 4 W; I demand the 
ſecond Ship's diſtance from the Port, and the diſtance 
between the two Ships. 

The Geometrical Protection of the Triangle is thus; 
Conſider firſt that the Angle A is 3 Points, AD 
bing ENE is 2 Points from the Faſt, and AE 
being E & S is one 


Point from the Eaſt ; ' EE ad” 

terefore the whole 6 \ 

angle DAE is 3 Points: , 

unerefore upon A with a : % | 
(odeg. of Chords ſtrike 8 E 


n Arch of a Circle, and 

ay upon it 3 Points 

it 330 45, and draw the Lines AD and AE, and 

zam A to D lay 85; then the Angle IE being 2 

Points, the Angle D muſt be 11 Points; therefore draw 

Ul ſo as to make an Angle at D of 11 Points, or 

23" 45”, lo is the Triangle finiſhed ; then if you 
14 ; meature 
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meaſure DE upon the Scale of equal Parts, you will 
find it to contain 123.4 and A E will be 184.7. 


The Trigonometrical Calculation is thus. 
As s. of the Angle E 229 30 


a O.41716 
1s to the Side AD 85 1.92042 
So is s. of the Ang. at the Port A 330 40 9.74474 
To the Side DE 123.4. 28915 
As s. of the Angle E 229 30ʃ 9.417 
Is to the Side AD 8; 1.9292 
So s. Of the Angle D 1232 45/ (or 56® | 
15!) , 9.91965 


To the Side AE 184.7 


So the ſecond Ship's Diſtance from the Port is 184.7 
Miles, and the Diſtance between che two Ships is 
123.4 Miles. | | 


pI 
_—_— 


2. There are two Ports that lie Eaſt and Weſt ore 
of another; one Ship ſails from the Weſtermoſt Port 
NE 89 Leagues; the other fails from the Eaſtermol: 
Port 89 Leagues; and there meets the firſt: Ice. 


mand the Courſe ſteered, and the Diſtance between 


* * 


the Ports. 
Draw DE of any con- 
venient length, and with 
60 deg. of Chords one 
foot in D with the other 
ſtrike an Arch, and lay 
G to F the Chord c 
E 45% and draw the Lt 
De; and from a Scat 
of equal parts take 89, and lay from D to F,; den 
from the ſame Scale take $0, and with one foot 0 
the Compaſſes in F, with the other crois the Lil 


JI. 411) 


WW 
„ 
A 


„ — 7 


3. I 
lails S. 
dema 


— ns — — 


Chap. 4? Obligue-Sailing. 
DE in E, and draw the Line FE; meaſure the Angle 
E by a Line of Chords, and the Line DE by equal 
parts. 


D repreſents the Port, and Angle of the firſt Ship's 


Courle. 


E the ſecond Ship's Port, and Angle of her Courſe. 
F the Place where they met. 


The Trigonometrical Calculation is thus, 


As the 2d Ship's Diſtance run 80 8.09690 
is to s. of the 1ſt Ship's Courſe 452 9.84948 
So is the iſt Ship's Diſtance run 89 1.94939 
To the 2d Ship's Courſe 51®'52/ 9.89577 
| 45 00 
dum 96 52 
Com. 83 O8. F 
As s. of the iſt Ship's Courſe 45? 0. 15052 
Is to the 2d Ship's Diſtance 80 1.90309 
So is the Angle F 839 08“7 9.99687 
To the Diſtance of the Ports 112.3 2.05048 


936363 


3. Iwo Ships ſet ſail from a certain Port, the one 
alsSþ E 45 Leagues, the other SSW 64 Leagues. 
demand their Bearing, and Diſtance from each other. 


1800 O0 
33 13 


129 Sum of the Sides 146 15 Sum of the unknown. 
) Difference 73 o/ half Sum 
As 


8 ? 


1 
i 


. 
- „ N 
5 4 8. — 2 — * 
my . ĩ ( OE — — ee = 


| diſtant one from the other 456 Miles, the IN 
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As the Sum of the Sides 109 7.962574 
Is to their Difference 19 1.278753 
So t. of 3 the unknown zs 73 7/5, 10.518060 


—— — 


To t. of half their Differ. 29. 53 9.75039 


Sum 103 00z=the Ang, 1. 


=o Th 

Diff. 43 14= the Ang, > Dif 

See Caſe 3. Chap. 4. Part 1. Dif, 

Hence the Courſe or Bearing from S to T is SE 1 
E: nearly; then for the Diſtance of the Ships from 

each other, 1 
As s. of the Angle S 43? 14 0.164423 

Is to the Side RT 45 1.653212 The 

So is s. of the Angle R 339 45 9-74413) Dif 

To the Side ST, the Diftance 36.5 1.562% ü Diff. 

1 : * 

4. If two Ports lie SW 4 S, and NE 6 N, beg = 
16 


— — — —. 
> — 


— 


Ü—ü— —³——2 OY COS ES — —— — — — 
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cþ E, and a Ship fails from the Northermoſt cloſe 
upon a Wind 674 Miles with her Larboard- Tack 
aboard, 326 Miles with her Starhoard-Ttack aboard, 
and then arrives at the Southermoſt: I demand how 
gear the Wind ſhe makes her way good upon each 
Tack. 


Note, That F repreſents the Northermoſt Port, and 


E the Southermoſt. 
By Caſe 5. Chap. 4. Part 1. find the Angles. 


br4 | 54 
450 272 
220 402 
1456 


5 — 


728 


The half Sum 728 Log. Ar. Com. 57. 137869 
Diff. of the half Sum and DF 54 Ar. C. 8.267606 


The double 118 06 20= the Angle DEF. g 


The half Sum 528 Log. Ar. C. 7.137869 
Diff. of the half Sum and EF 272 Ar, C. 7.565431 


Diff. of the half Sum df PFE wr 13 


The Tangent of 189 19 11 is 19.039920 


The double 36 28 22= the Angle EDF. 
From 


| EF 272 2.434569 
Diff. of the half Sum and 15725 153 2.604246 
The Tangent of 59? 03“ 10 is 20.4442 70 


— — — — 2 ———— — 
— JN WE . 


284 Of Wavigation. © Part . cha 


From 118? 06'= the Angle DEF 
Subt, 45= the Angle GEF, being 4 Points. 


” the /_ between the Ship's Courſ 
. 73 06 E the S 6 E Point, the 2d Tack 
Add 36 38= the Angle EDF. : 


Sum 109 44 


com. 70 16 f =the /_ between the Ship's Courſ. 


and the 8 E. Point, the iſt Tack 


So the firſt Tack was SW 6 W + W. and the ſecond 
Tack is E4S2E. 


— 


nnr 


5. A Ship failing NW. two Iſlands appear in fight, As the 
one bears WNW, the other N. from the Ship; ard "pap! 
when the Ship had failed 60 Miles further, the fir 801 
bears W 58, and the other NE: their Bearing and | 
Diſtance is required. 8 

Tot, 

V repreſents one Iſland, and N the other. | 

S the Ship at the Grit Obſervation, and O the Ship 

at the ſecond ; then, 

As 8 
| | ls to thi 

* | 0 is s. 

1 of 45') 

V . þ8 | lo the 
OY 2 CR | The 

r NE 3 
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As s. of OVS 339 45% 0.255261 

Is to OS 60 1.778151 

80 is s. OSV 222 300 9.582840 

To the Side OV 41.33 I 1.616252 
bo | 

The Sum 101. 33 


The Diff. 18. 67 
1809 oof 


5 15— the Angle NOV 


33 45= the Sum of the opp. Angles. 


16 52 x, half Sum. 


As the Sum of the Sides 101.33 7.994263 
5 to the Diff. of the Sides 18.67 1.271144. 
So t. of 3 the Sum of the oppoſite An- 5 
Sled. 100-261 19.481939 
Tot. of 2 their Diff. 3 12 8.747 346 


Sum 20 O = the OVN 
Dif. 1 40= the / ONV 


As s. of OVN 20® 04 / 0.464533 
sto the Side ON 60 1.778151 
do is s. of the Angle NOV 146? 15/0 (339 do. 744739 


45!) 3 


To the Diſtance of the Iſlands 97.15 1.987423 


The Courſe, or Bearing of one Iſland to the other, 
INES E ; E very near. 


6. Two 
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6. Two Ships fail from one Port, the one fails $ by 
W, the other WSW, and arrives at two ſeveral Ports; 
the Weſtermoſt Port bears from the Eaſtermoſt NW 
2 N: then if the Diſtance run of both Ships, and 
Diſtance between the Ports, be together 130 Leagues, 
I demand them ſeverally. 

Aſſume AB 100; then, 


As s. C789 45 9.991574 
Is to AB 100 2.000000 
So 8. A 5615 1 919648 


To CB aſſumed 84.776 J 928272 


Again, | 
Ass..C:980 475 | 9.991574 
Is to AR 100 2.000000 
So s. B 45% 000 9.84945; 
To AC aſſumed 72.097 — $a 
84.776 
100 


Sum 250.873 


and th 
the ſee 
ſequire 


In t! 
As 8 
ls to 
90 8. 


To t] 
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As 256.873 the Sum of the aſſumed Sides 2.409718 


Is to 130 the Sum of the true Sides 2.113943 
So is 100 the aſſumed Side AB 2.000000 
To 50.609 the true Side AB 1.70422 5 
Again, | 
As 256.873 Ar. C. 7.590282 
Is to 130 2.113943 
So is 84.776 the aſſumed Side CB 1.928272 
To the true Side CB 42.904 1.6 32497 
Again, 
As 256.872 Ar. C. 7.590282 
Is to 130 ; 2.11394 3 
So is 72.097 the aſſumed Side AC 1.887911 
To the true Side AC 36. 487 1.562 136 


0 


7, Coaſting along the Shore I ſaw two Capes of 
Land, the firſt by the Compaſs did bear North, the 
keond WNW; then 1 ſtood away NW N 9o Miles, 
and then I find the firſt to bear from me E 8, and 


the ſeeond S & E: the Bearing and Diſtance of both is 
W'cquired, | 


in the Triangle ABC, 


As s. of ACB 1019 15 (or 789 45% 0.0084 3 
Is to the Diſtance run 99 1.95424 
0s. of ABC 45® oof 9.84948 


To the Side AC 64-9 
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| In the Triangle ABD, 


As s. ADB 1239 450 (or 569 15/) 0.080159 
Is to the Diſtance run go 1.954242 [ntl 
So s. ABD 229 300% 9.582840 A 
— Ts 
To the Side AD 41.42 | 1.617236 S 
64.9 T. 
41.42 
Sas Agai 
106.32 Sum of the Sides A 
8 Is 
23.48 Diff. of the Sides. 80 
180 00 Tc 
=th DAC. 
= 07 3 fo 8 : So t! 
= Sagte Anoles nd the 
122 mn of the oppolite Angles Whes 
_ 4 Mi 
56 15 half Sum. 4 


A 
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s to the Diff. of the Sid. 23.48 1.370698 
oo t. of à the opp. Ang. 56215/ 10.175108 


To t. of halt their Diff. 18 17 


9.519192 


Sum 74 32= the greater Ang. 


Diff. 37 58= the leſſer Ang. 
See Cafe 3. Chap. 4. Part 1. - 


To the Diſtance of the Capes CD 62.2 1.79 3784 


In the Triangle BCD, 


So the Diſtance of the two Capes is 62.2 Miles, 


ad the Bearing is SW 5 S W, and NEUN ZE. 
ben I firſt made the Capes, the Northerm iſt was 
tg Miles diſtant, and the Diſtance of the Weſtermoſt 

JW  41.4 Miles. And when 1 had faild go Miles, 
= my 


As the Sum of the Sides 106.32 7.973386 * 


As s. the Angle CDA 74 32 0.016019 
Is to the Side AC 64.9 1.812150 
So s. of the Ang. DAC 67 300 9.965615 


As s. of the Angle DBC 679 300 0.034335 
Is to the Diſtance of the Capes 62.2 1.793784 
So s. of the Angle BDC 499 13 9.879202 
T 0 the Diſtance BC 40.98 1.707371 
Again, | 
As s. of the Angle DBC 672 30 0.034385 
Is to the Diſtance of the Capes 62.2 1.793784. 
So s. of the Angle BCD 63017 9.950968 
To the Diſtance BD 60. 14 1.779 137 


| g 
4 
== 
4 o 
| 
8-4 _ 
——= 
- 

1 
. : 
4 
1 
1 
* 

1 
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my Diſtance from the Northermoſt was 50.98 Mil, 


and my Diſtance from the other was 60. 14 Miles, Ther 


—— 


8. There are three Ships of equal Diſtance from ore 
Port, and bound for the ſame place: The Eaſtermoſt 
is diſtant from the middlemoſt 96 Leagues, and beat; 
SE h E; the middlemoſt is diſtant from the Weſter. 
moſt So Leagues, and bears SW from her. I demand 
each Ship's Courſe to the Port, and how far they are 
diſtant from it. 

Thro' the three Points A, B, and C, ſtrike a Circle, 


0 t. o 


whoſe Center D repreſents the Port, then draw the Ther 

Semidiameters DA, DB, and DC, which ſhall be th: 5 

Diſtance of each Ship from the Port. ss. 0 

_ 360 15 ;to th 

8 45 00 0s. of 

Sum 176 101 15 Sum * 
Diff. 16 78 45 Compl. 

8 „„ The 

39 2 22 half anole 
| Ire 200 
. ole 


D are 
r equ 
0 15 * 
AC, 


8, 0f 
00 
ito th 
14, of 


0 the 


Then, I bi 


hap. 4. Oblique-Sailing, 29T 


Then, 
um of the Sides 176 7.75449 
I; to their Diff. 16 1.20412 


ct, of » the Sum of the oppoſite Angle 
0 t. ON : THC PP 395 24 9.91443 


ot. of ; their Diff. 4 16 8.87 304 


Sum 43 382 BCA 


Diff. 35 06 BAC 


Therefore the Courſe from C to A is E& N o 53! 

1 
aof the Angle BCA 73 38/ o 161125 
othe Side AB 96 1.982271 
Ws. of the Ang. ABC 101? 15! (or 7582 45!) 9.991574 


To the Side CA 136.45 2.134970 
Which is the Diſtance of the two Ships A and C. 


The Arch AFC is 2020 30/ (being double to the 
nele ABC 1019 150 by Eucl. 3. Lib. 20. Pr.) there- 
re 202? Zo! ſubtracted from 360, the remainder is the 
Wii ADC 157? Oo! ; and becaule the Sides AD and 
) are equal, therefore the Angles DAC, and DCA 
r equal; and ſo the Complement of 137 3o' to 


ois 220 30%, the half whereof 112? 15 is the Angle 
AC, or ACD. Then, : 


| * the Angle ADC 157 30 (or WJ 0.417160 

the Diſtance CA 1 36.45 2.134970 
of the Angle 110 130 9.290236 
dne Side CD (=AD) 69.56 1.842366 


Which is the Diſtance of each Ship from the Port. 
N 9 2 8 To 


—. 


292 Of Mavigation. Part II. 
To find the Courſe from C to D, the Angle BCE, | 
43” 3$', to which add 119 15/, the Sum is 542 53% eat 
Angle BCD; therefore the Courſe from C to D; bac 
E 3 19 220 E. and the Courſe from A to D is Wzx gro 
10 21 Southerly, and the Courſe from B to D is 8K 
19 210 Soutlerly. ; 
1 
. i 
Of CURRENTS. Nour 
Prellem 1. Admit a Current runs Eaſt 6 Miles a WM 
hour, and a Ship ſails Weſt directly againſt it 6 Miles p 
an Hour ; I demand her compound Motion. "B4 
If the Current runs directly contrary to the Courſe ll _ 
of the Ship, and the Motion of the Current be equal 
to the Motion ot the Ship, it is evident that the Ship A 
makes no way, but ſtands {till ; for ſo much as ſhe 1; 7 
forced forward by the Wind, ſhe is driven backward | 
by the Current. T] 
2. Admit a Current runs Eaſt four Miles an Hour, ln © 
and a Ship fails Weſt 6 Miles an Hour : I demand 
her cempound Motion. i 10 
From the Ship's ſimple Motion 6 the 81 


Subtract the ſimple Motion of the Current 4 jj, 


Remain the Ship's compound Motion 6 


Thus the Ship advances forward 2 Miles eve!Y 
Hour. | 


3. A Current ſets Weſt 8 Miles an Hour, and 4 
Ship ſails directly againſt it 5 Miles an Hour: I « 
mand her compound Motion. * 
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Here it is evident, that becauſe the Current moves 
aſter than the Ship, the Current muſt force the Ship 
backwards, tho* by the Log. ſhe appears to gain 
ground. Therefore, 


From the Current's ſimple Motion 8 
Subtract the Ship's comp. Motion 3 


Miles. 
There remains the Ship's comp. Motion 3 
And thus the Ship falls a-ſtern 3 Miles every 


hour. 


— — * 


A 
DO ——— 


—— 


4. A Ship fails Eaſt 4 Miles an hour, upon a Cur- 
rent which ſets Eaſt 5 Miles an hour : I demand her 
compound Motion. | 


Add the Current's Motion 5 
To the Ship's ſimple Motion 4 Ces: 


That Sum is the Ship's comp. Motion 9 


PI 


3. A Ship fails South 3 Miles an hour, where there 
a Current running Eaſt 3 Miles an hour: I demand 
ne Ship's eompound Mation, and which way, 


; 
— 


3 AS 


B 
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s the Side AB 33 the Ship's motion 0.477121 


To the Side BD=AC 5, the Cur. mot. 0.6. 7 
So is Radius : 10. a KL 
— ont 
To t. of the Angle BAD 599 022 10.221809 
fa 
Again, As s. of the Angle BAD 5929 02 9.932215 * 
To BD the Current's motion 5 0.6995 
So is Radius 188 
To AD the Ship's compound Motion 5.83 o. 765733 
Hence it appears that the Ship's Courſe is SE bE: 
E, and her horary Motion is 5.83 Miles. 
5 | —— | M 
6. A Ship ſails Eaſt 4 days together, by Log. % 
Miles, where there is a Current ſetting all this while tg 
the South 2 + Miles each hour: I demand her Ange 
of Deflection, and compound Motion. 
2.5 As BD 480 (in the former Figure) 2.6814 
24 IS to BA 240 2.380211 
o is Radius | 10. 2 
100 ane 
& £0 Me-T t of the Angle BDA : 
45 268 33 e c 9.698979 
60. o 
4 Again, | 
As s. of the Angle BDA 262? 33 9.650258 7. 
240 Is to BA 240, the Current's Motion 2. 380 ne! 
So is Radius 10. 
To the Ship's comp. Motion 537 2.729924 Ber 


Hence the Ship's Courſe is ESE 40 3“ Southward. 


— > 
+ + WH 
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„ A Ship fails in 8 hours from a certain Cape to- 
wards B, bearing South, 18 Miles by Log. in a Cur- 
ent ſetting to the Eaſtward ; and then obſerving the 
aid Cape, ſhe finds it to bear WNW. I demand how 
alt the Current ſets, and the Ship's true Diitance 
run, 


In the former Figure, 
As s. of the Angle ADB 229 30 0.417160 
Is to AB 18 Miles 5 1.255272 
So is s. of the Angle BAD 67 300 9.965615 


To BD 43.46, the Current's motion 1.638047 


Which divide by 8, the Quotient is 5.43 Miles, the 
hourly Rate. Again, | 


As s. of ADB 229 gof '0.417160 
Is to AB 18 Miles, the Ship's Motion 1.255272 
So is Radius 10. 


To the Ship's comp. Motion AD 47.4 1.672432 


8 


—_ — 


SECT. : V. 
Of MrrcaToR's Sailing. 


To find the meridional Difference of Latitude, or 
the Difference of Latitude in meridional Parts 
| 1. If one Place be under the Equinoctial, and the 

other in North or South Latitude ; the meridional 
Parts in the Table anſwering to the Degrees and Mi- 
ates of the Place with Latitude, is the meridional! 
Afference of Latitude. 


U 4 Or 


— , — — — 4 


the other South; add the meridional Parts of both 
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Or by the Meridian Line upon Cunter's Scale, ock 
for the Latitude of the Place in the Meridian Line 
and right againſt it in the Line of equal Parts you hay: 
the meridional Difference of Latitude. 

Example. If one Place be under the Equinoctia 
and the other in 35 300 North Lat. I demand the 
meridional Parts of the Difference of Latitude. 

Anſw, The meridional Diff. of Lat. is 2281. 


By Cunber's Scale. 

Extend the Compaſſes from the beginning of the 
Meridian Line to 3535 300; then meature that extent 
upon the Line of equal Parts, and you will find i: 
389, which brought to Minutes by multiplying by 6, 
it will make 2280, which is 1 leſs than by the | able. 


2. If the two Places be both in North, or both in 
South Latitude; ſubtract the meridional Parts of the 
leſſer Latitude from thoſe of the greater, and the 
Remainder 1s the meridional Difference of Latitude. 


Zxampie. 
Lare (50 00 3 3473 
Sup. Barbadees Lat. 13 00 5 Mer. Pts. 0 515 
Mer. Diff. Lat. 2688 


By Gunter's Scale. | 
Extend your Compaſſes from 139 to 30 upon the 
Meridian Line, and meaſure that upon the Line of 
equal Parts, you will find it 44.8, which multiplicd by 

60 makes 2688. NTT. 


3. If the two Places have one North Latitude, and | 


Latitudes tögether, the Sum is the Difference of Lu. 
titude in meridional Parts. 


Fromp!! 


Chap. 4: Mercator's Sailing. 1297 
. 5 
Barbadoes 13% 00 78 
E Helena E. | 16 00 S : Mer. Pts. 4 46 


——üU . 


The Sum is the Merid. Diff. Lat. 1760 


By Gunter's Scale. 

Extend your Compaſſes from the beginning of the 
Line to 13®, and lay that extent upward from 160 z 
keep the uppermoſt Point where it falls, and extend 
the other to the beginning of the Line; that extent 
meaſured upon the ine of equal Parts, it will be 29. 3, 
which multiplied by 60 makes 1738. 


þ Jun 


CASE I. 


Bith Latitudes, and the Difference of Longitude 


between any two Places given; to find the Courſe 
and Diſtance, 


What is the Courſe, Diſtance and Departure between 
the Lizard and Barbadaes ? 


Lizard 5? 24 50® 107 3490 
Barbad, $ Lon. 67 54 Lat. 113 10 IF 797 


— —— 


Diff. Long. 52 30 Diff. La. 37 oo M. D. L. 2693 
60 60 — 
3150 2220 
As the Mer. Diff. Lat. 2693 3.43024 
Is to Radius | 10 
So is the Diff. Long. 3150 3.49831 
To t. of the Courſe 490 287 10.0680 


do the Courſe is SW + W nearly. 1 


@d 
. = = —_ - \ = 
F o 
— — — 1 - — — — 
I . OTH — — 
* .— Foe” — E 
— — = 
_ 


” 


S| Prop? Di L 2220 


A 


Ziff Lony 3150 


& Mer Diff Lak 2093 G 


In the Triangle CDE is given the proper Difference 
ef Lat. 2220, and the Courſe ECD 492 28, to find 


EC the Diſtance. 


As the cs. of the Courſe 490 28/ 
To the proper Diff. of Lat. 2220 
So ĩs Radius 


To the Diſtance run EC 3416 


As Rad. to the Diſtance EC 3416 
So s. of the Courſe 499 28' 


To the Departure ED 2596 


9.81284 


3.34633 
IO. 


3-53351 


3:5339! 
9.8800} 


3-414; 


CA! 
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CASE II, 


Both Lati tudes, and Courſe given; the Drftance, 
Difference of Longitude, and Departure re- 


gut red. 


A Ship in the Latitude 629 45 North fails SE 58 
till ſhe comes into the Latitude 350 2of North; I de- 
mand the Diſtance run, Diff. of Longitude, and De> 
parture. 


WO ba” 4x 1 4872 
Lat. 3 Merid. parts * 
7 15 Mer, Diff. Lat. $52 


00 — 


Diff. La. 435 


As cs. of the Courſe 56® 15 CED 9.91994 
Is to the proper Diff. of Lat. 435 PC 2.63845 
So is Radius 1 


To the Diſtance run 523.2 EC _ 2.151865 
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As Rad. to Mer. Diff. Lat. 852 BC 
So is t. of the Courſe 330 45' BCA 


To the Diff. of Longitude 5693 BA 


As Radiusto the prop Diff. Lat. 435 
So is t., of the Courſe 330450 DCE. 


To the Departure 290.7 DE 


4 * 
——— — - — 


CAS E III. 
Both Latitudes and Diſtance given; the Courſs ; 
Departure, and Difference of Longitude required, 

Admit a Ship ſails from the Lizard in the Latitude 1 
50? North, to Port Royal in Jamaica in the Latitude A 
17? zo! North, the Diſtanee ſuppoſed to be 4009 7 
Miles ; 1 demand the Courſe, Difference of Longitude, & 
and Departure. : 

Te 
:- - Lizard 300 oof «6 3474 
1537 Royal & at: by a © Mer. parts 1077 
32 20 Mer. diff. 2397 
60 5 
Prop. diff. Lat. 1940 Bah 
rop. di 1940 Di 
As the Diſtance run 4000 EC 23.0206 
Is to the proper Diff. of Lat. 1940 DC 3.28700 AS 
So is Radius 10. ude 5 
| tur. 
To cs. of the Courſe 299 01 DEC 9.68574 2 
e 


So the Courſe is WSW + W very near. 
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1 
9 —— — 


ii Zak 2497 Q' 


De Lat 194 


Mer D. 


a 
AMS 


by 


As Rad. to the Diſtance run 4000 EC 4.60206 
So s. of the Courſe 60? 59 ECD 9.94175 


To the Departure 3498 ED 3. 5438 1 


1 


As the proper Diff. of Lat. 1940 DC 6.71220 


Is to the Merid. Diff, of Lat. 2397 BC 3.37967 


So is the Departure 3498 ED 2354381 
To the Diff. of Longitude 4322 AB 3.3868 
CASE IV. 


bith Latitudes and Departure given; the Courſe, 
Diſtance, and Difference of Longitude required. 


A Ship in the Latitude 50® 10“ North, and Longi- 
de 52 24' Weſt, fails South Weſtward till her De- 
pature be 789 Miles, and ſhe be in the Latitude 390 


dude ſhe is in. 


0 North; I demand the Courſe, Diſtance, and Lon- 


oe. 
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a | 
50® 10 Latitude 1 3490 $ Merid. parts 


39 20 


— 
10 30 
60 


650 Dif. Lat. 


As the proper Diff. of Lat. 650 
Is to the Departure 78 9 


So is Radius 


To t. of the Courſe 300 310 
So the Courſe is SW W. 


. 
P 4 
12 1D 
n : 
Vo 
33 
22 
A= 
DJ 
FEZ Dh D <0 
* oh 8 
" 33 


As s. of the Courſe ECD 50® 310 
Is to the Departure 789 ED 
So is Radius 


To the Diſtance run EC 1022 


920 Mer. Diff. Lat. 


Part Il. 
A 
E 
80 
Tc 
Th 
2.81291 Th 
2.8970} 
10. 1 
10.0841 
One L 
the 
gitu 
4 Sl 
pitude | 
Latitud 
es dl 
As R 
80 is 
Toth 
9.86751 
2.89708 
10. ba 
q 
| 4.00957 If, Lat 


Lat. t 
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As the proper Diff. Lat. CD 650 7.18709 
Is to the Departure ED 789 2.59708 
So is the Merid. Diff. Lat. BC 920 2.90378 


Tothe Diff. of Longitude AB 111.7 3-04795 


18 37 
The Longitude come from, add 5 24 


— 


The Longitude the Ship is in 24 or Weſt, 


— — "7" 1 


CASEY, 


One Latitude, Courſe, and Diſtance given; to find 
the Difference of Latitude, Difference of Lang- 
gitude, and Departure. 


A Ship in the Latitude of 429 30! North, and Lon- 

nitude 182 31, fails SE&S 591 Miles; I demand the 

Laitude, and Longitude of the Ship, and how much 
is departed from the Meridian. 


As Rad. to the Diſtance CE 59 2.771587 

do is cs. of the Courſe 569 15/ 9.919846 

Tothe Diff. Lat. CD 49 1. 4 2.691433 
89 142 


Lat. departed from 420 30 2822 
f. Lat. ſubtract 8 11 Ser parts 2195 


Lat. the Ship is 34 19 Mer. diff. 627 


. b 


Of Mavigation. 


A 


As Rad. to t. of the Courſe 330 45 
So is the Mer. diff. of Lat. 627 


To the diff. Longitude 419 
As Rad. to the Diſtance run CE 591 
So is s. of the Courſe DCE 33045 


To the Departure 328.3 DE 


The Longitude departed from 189 z1/ 
Difference of Longitude add 6 59 


The Longitude of the Ship 25 30 


9.74474 


2.51692 
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CASE VI 


One Latitude, Departure, and Courſe given; to 
find the Diſtance, e of Latitude, and 
Difference of Longitude. 


A Ship fails WSW from a certain Port in 50* 10 
orth Latitude, and Weſt Longitude 50 24/, until her 
Departure from the Meridian be 957 Miles; I demand 
r Diſtance run, and the Latitude and Longitude ſhe 
8 2 | 

Lat. departed from, 50 10 

Diff. Lat. ſubtr. 6 36 


Lat. the Ship is in 43 34 


Mer. Parts 8 


Mer. diff. Lat. 667 


As s. of the Courſe BCD 670 30 9.965615 


b to the Departure ED 957 2.980912 
9 is Radius | a Is | 
bo the Diſtance run 103 5-85 EC 3˙01 5297 


2 > 


* As 
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Courſe failed, and the Latitude, and Longitude tie] 


As Rad. to the Diſtance EC 1035.85 3-015297 
So is the cs. of the Courſe CED 229 30 9.582840 


—— — 


To the Difference of Latitude CD 396.4 2.59814) 


6© 360 


As the proper Diff. of Lat. CD 396.4 7.401863 
Is to the Departure ED 957 2.980912, 
So is the Merid. Diff. of Lat. CB 667 2.824126 


—  — 


To the Diff. of Longitude AB 1610 3.206901 


Longitude departed from 55 24 
Diff. of Longitude add 26 50 


Longitude the Ship is in 32 14 


As Rad 


. $0 cs. © 


One Latitude, Diſtance, and Departure given ; the 
Courſe, Difference of Latitude, and Difference 
Longitude required. 


0 the 


is the | 
Ii to the 
A Ship in the Latitude 49 30“ North, and Welt is th 
Longitude 14 3o', ſails South Eaſtward 645 Miles 


until her Departure be 500 Miles; T demand theo the 


Ship is in, Lo 
Dil 

As the Diſtance CE 645 2. 80950 
To the Radius 104 Lo 

So is the Departure 500 2.69597] 

To s. of the Courſe 509 ;0/ 9.88941] 


Lad 


Pp 4. Mercator's & ailing. 3 07 


Lat. departed from 490 300 
Diff. of Lat. ſubtr. 6 47 


Lat. the Ship is in 42 43 


a 342870 & 
6 Rad. to the Diſt. run CE 645 2.80956 28391“ 
& cs. of the Courſe 390 100 9. 8043 ——( 35 
| — 589 J 
o the Diff. of Lat. CD 407.3 2.60999 
s the proper Diff. of Lat. CD 407.3 7.39111 
o the Departure DE 500 2.69897 
Pois the Merid. Diff. of Lat. BC 589 2.77011 
0 the Diff. of Longitude 724.7 AB 2.86019 


Longitude departed from 14 40 
Diff. of Longitude ſubtr, 12 04 


i. 


— 
ht. ot 


Long. the Ship is in 1 


X 2 
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CASE VIII. 


One Latitude, Courſe, and Difference of Longitu, 
given; to find the Difference of Latitude, Di. 
ſtance, and Departure, 


A Ship fails from the Ligard in the Latitude 50 10 
North, and Weſt Longitude 5? 24/ SW þ W, until 
her Longitude be 37 26 Weſt; I demand the Lat 
tude the Ship is in, her Diſtance run, and Depar. 
ture. 

Longitude the Ship is in 57? 26/ 
Longitude departed from 5 24 


— — 


52 02 
60 


— — — 


Diff. of Longitude 3122 


As t. of the Courſe 569 15 10. 17502 
Is to Radius 10. 
So 1s the Diff. of Longitude 3122 3.49443 


To the Mer, Diff. Lat. 2086 3-31941] 
ad 


PA kk. 


Loo 
z0ainſt 
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As cs. of the Courſe 330 45/ 9.74474. 
Is to the Diff. Lat. 1643 3.21364 
So is Radius 10. 
To the Diſtance 2 958 3-47090 
As Rad. to the Diſtance 2958 3.47090 
So is the c. of the Courſe 56 15 9.91985 
To the Departure 2459 | 3.39075 


Lat. Lizard 50* 100 2490 Mer. Parts. 
Mer. diff. Lat. ſubtr. 2086 


Remains 1404 


Look 1404 in the Table of Meridional Parts, and 
wanſt it you will find 220 4%, the Latitude required. 


From 50 1007 


Subtr. 22 47 
27 3 
60 


Diff. Lat. 164 3 


X 3 SECT: 
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ine E 
_ B to D 
| 6.1 
6 S 1+ FH Arch 1 
. draw ut. 
Of Sailing upon a Parallel. one hy 
E; lik 
e E; me 
ind it 
The Difference of Longitude, and Diſtance of u ui,, 
Places in the ſame Latitude being given; ti jul 
the Latitude. 6 T 
As t. 
A Ship ſails due Weſt 250 Miles, and then finds tie Is to 
Difference of Longitude 60 10“; 1 demand the Px SO is 
rallel of Latitude. 60 

EST To s 

3/0 We 
To delineate this by the Plain Scale, 3 7 
1. Draw the prick'd Arch BC with the Sine arch o 
90?, one foot being in the Point A, to cut the Ii ap and 
AB in B. . Arch of 
4 2. On B erect the prick'd beine p 
4A pendicular Bc, and thereon lay i ..11.P c* 
Difference of Longitude 370 fo 0 30 
B to c. | : Then 

3. Draw the prick'd Line 4% of the 
1 4. Then with the Diſtance in Cg is 
LE Eon 'D dries 250, with one 15 n u ren 

5 IE rick*d Line Ac, moved upon tia by , 
eee e B Line till the other foot turn'd abou CID 
| will but juſt touch the Line 4b As A 
and where the former foot reſteth, which is at e, the! 900) is 
ſtay it. Differen 
de) 1 


1 
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5. Take the neareſt Diſtance from e to the prick'd 
Line B c, and lay that Diſtance on the Line AB from 
f to D, and draw the prick'd Line De. 

6. Lay the Difference of Longitude on the prick'd 
Arch made with the Sine of go?, from B to C, and 
draw the Line AC; alſo with the Diſtance AD, and 
one foot in A, draw the prick'd Arch DE to cut AC in 
F.; likewiſe draw Lines from B to C, and from D to 
F; meaſure AD upon the Line of Sines, and you will 
ind it 422 30ʃ, which is the Complemeat of the Lati- 


tude; ſo the Latitude is 47® 300. 


Then, 
As the Difference of Longitude BC 370 2.56820 
Is to Radius AB 10. 
So is the Diſtance ſailed DE 250 2.39794 


Jo s. of 425 30 AD, the Com. of the Lat. 9.8 2974 


We may demonſtrate this, and the two following 
Caſes, thus. 

Let AB (in the following Figure) repreſent an 
Arch of the Equator, P the Pole of the World, and 
AP and BP are Meridians, each go degrees; CD is an 
Arch of the Parallel of Latitude the Ship fails in, CA 


being 472 30ʃ, the Latitude or Diſtance of the Pa- 


let from the Equator ; and CP is the Complement 
41 300. | 

Then AF is the Sine 
of the Arch AP, and 
CE. is the Sine of the 
Arch CP. Therefore, 
by Axiom 1. Chap. 7. of 
tne firſt Part, | 

As AF (the Sine of 
99?) is to AB (the 
Difference of Longi- 
we) ſo is CE (the 


— 
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Sine Complement of the Latitude) to CD, (the Di. 
ſtance) and the contrary. | 


* Fe OY The J 

CASE II. = 

The Difference of Longitude between two Places iy The 
the fame Latitude given; to find their Diſtance, 755 
| f | 3 01 50 

The Diſtance between Martinico and Cape Verde is hem f 

required. EET | 

A 

From 54 50/0 Martinico Ts 

Subtr. 11 30 0 Long. Ic Verde Lat. 14? 50. So 

5 Te 


Diff. 43 20 = 2600 Miles, 


As Rad. to the Difference of Long. 2600 3.414% 


So is the cs. of the Latitude 75 10 9.98528 
To the Diſtance required 2513.3 | 3.40025 | 
A | The Delineation of this is | 


ſo eaſy, that any one that 

knows how to delineate the 

laſt, may delineate this. For | 

it is but to take the Sine of 500286 
9oe, and upon A ſtrike the } ; 
Arch BC, and upon that lay | 
the Difference of Longitude | 
2600, and draw the Lines 
AC and BA; then with 755 
10! of Sines, ſtrike the Arch ED. and draw the Line 
ED, and meaſure it upon the Scale, and you will find | 


It 2513. i 


CASE | 
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CASE III. 


The Diſtance between two Places in the ſame Paral- 
le] gr ven; to Aud the Difference of Longitude, 


The Diſtance between the Lizard and Pengwin-Mand 
being 1842 Miles, and being both in the Latitude 
of 300, what is the Difference of. Longitude between 
them ? 


As cs. of the Latitude 409 9.80807 

Is to the Diſtance 1842 3-20529 

So is Radius IO. 

To the Difference of Long. 2866 3.45722 
A. 


— — ——_— 


47 46 


Anſwer, The Diff. of Long. 479 46 


SECT. 
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2 : . 80 
"EY 60 
SE CF OH: _ 
e Fo - | o 49 | 
Of Sailing by Middle Latitude, 
Or a Proportion drawn from the Middle Latitu: 
nearly agreeing with MER CATOR's Sailing, 
| To find the Middle Latitude. £ 
I, 
Always add the Latitude you are come from, to the rike qt 
Latitude you are come to; half the Sum is the Middle ara, C 
Latitude. 
E = 
Both Latitudes, and Difference of Longitude, | 
two Places given; to find the Courſe and D. 
flance, 
«| Sm 


A Ship ſails from the Latitude 45% 30“ North, be \ 
tween the North and Faſt, till ſhe arrives in the Lat 
tude 502 10ʃ, and then finds her Difference of Long 5 
tude 82 16/; 1 demand her Courſe and Diſtance. % 

This Way by Middle Latitude depends upon ti [ 
following Theorcm. 


As the Co-ſine of Middle Latitude, 

Is to the Tangent of the Courſe ; 

So 1s the Diff. of Latitude in Miles or Leagues, 
To the Diff. of Longitude in Miles or Leagues. 


g | 5 


hap. 4. Sailing by Middle Latitude. 3 1 5 


80 167 500 100 
60 45 30 
— * 


— 


496 = Diff. Long. Diff. of Lat. 4 40 2 280 


— 


The Sum 95 40 


The half 47 sO Mid. Lat. 


To delineate this, 
1. With the Chord of 60, and upon the Center C, 
trike the Semicircle, and draw the Diameter AF; and 
draw OD at right Angles thereunto. 


2. Set the Difference of Latitude from A to B, and 
iraw BI perpendicular to AF. 3 | 

3. Set the Middle Latitude from O to K and L, 
nd draw KL, to cut DE in H; make CE equal to 
CH ; and make EF equal to AB, and draw FG paral- 
eto BI, and ſet the Difference of Longitude given 
tom F to G, and draw the Line EG to cut OD in the 
Point D. 
4. Lay a Ruler upon A and the Point D, and draw 
de Line ADI, to cut BI in I, ſo ſhall Al (being ae 

| ure 
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fured upon the ſame Scale of equal Parts, that AR 4 
FG were laid down by) ſhew the Diſtance require, 


and the Angle BAI is the Courſe, and BI the De. 
parture. 


As the Diff. Lat. EF= AB 280 7+552842 
Is to the Diff. of Long. FG 496 2.695472 
So is cs. of the mid. Lat. EC CH 42 10“ 9.82694, 


To the t. of the Courſe CD 49 56 10.0, 25 


As cs. Courſe 40 04/ AIB 9.808669 
To the Diff. of Lat. 280 „ i 
So is Radius 10 
To the Diſtance run 435 2.638489 
As Rad. to the Diff. of Lat. 280 2.447158 
So is the Tangent of the Courle 49? 56 10.075254 
To the Departure 333 BI 2.52241 

-CASRBE IB. 


Both Latitudes and Courſe given ; the Diſtance, Djj- 
ference of Longitude, and Departure required, 


A Ship being in the Latitude of 320 oo' North, fails 


NNW 4 W. until ſhe arrives in the Latitude of 32* | 


397; I demand the Diſtance, Difference of Longitude, 
and Departure, 


1a 


Chap. 


L. 


Dif 


As c 
Is to 
So t. 


Tot 


As C 
Is to 
So is 


To t. 


hap. 4. Sailing by Middle Latitude. 377 | 


29 39/1629 30 the Sum. 
Lat. : I 5 


31 19 middle Lat. 
Diff. 2 39 —— | 
60 


— — 


139 Diff. Lat. 


As cs. of middle Lat. 310 19 0.068386 
is to the Diff. of Lat. 159 2.201397 
So t. of the Courſe 300 56/ 9.777628 
To the Diff. of Longitude 111.5 2.047411 


As cs. of the Courſe 90 04/ AIB 9.933369 


Is to the Diff. of Lat. 159 AB 2.201397 
So is Radius 10. 
To the Diſtance 185.4 Al 2.268028 


As 
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As Rad. to the Diff. of Lat. 159 2.20130) 
So is the Tang. of the Courſe 30. 66 BAI 9.7752 


— 


To the Departure 95.28 BI 1.97902; 


— 


CAS E III. 


Both Latitudes and Diſtance given; the Courſe, Dif. 
| ference of Longitude, and Departure required, 


A Ship in the Latitude 455 10 North, fails between 
the North and Eaſt until ſhe arrives in the Latitude 
50* 30ʃ, and then finds her Diſtance run 195 Leagues: 
I demand her Courſe, Difference of Longitude, and 


Departure. 


4 3” Sum 95 40 


Diff. Lat. 5 202110 47 50 = Mid. Lat. 
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As the Diſtance AI 38 5 Miles 2.76716 
Is to Radius | 10. 
So is the Diff. Lat. AB 3 10 2.49136 


To the cs. of the Courſe AIB 320 oof 9.72420 


$0 the Courſe is NE b E 1* 45! Eaſterly. 


As cs, of the Middle Latitude 47* 0 o.17 307 
Is to the Difference of Latitude 310 2.49136 
So t. of the Courſe 58* oO 10. 20421 


To the Difference of Longitude 739 : 2.86864 


As Rad. to the Diff. of Latitude 310 2.49136 


So t. of the Courſe 389 00 | 10.2042 T 
To the Departure 496.1 2.69557 
CAS E IV. 


Beth Latitudes and Departure given; the uf, 
Dijſtance and Difference of Longituae required. 


A Ship in the Latitude 40 300 North, ſails be- 
tween the North and Weſt till her Departure is 450 
Miles, and then finds her Latitude 531 20“: I de- 


mand her Courſe, Diftance, and Difference of Lon- 
"tude. 


519 20/ 9 
3 Sum 91 58 


10 50 650 45 55 Mid. Lat. 


As 


320 


Of WV, avigation. 


As the Diff. Lat. AB 6 50 
Is to the Departure BI 450 
So is Radius 


Tot. of the Courſe 34 42 


0.13758 
9.84030 
2.81291 


As cs. of the middle Latitude 45 650 
Is to the t. of the Courſe BAI 340 427 
So is the Diff. of Lat. AB 650 | 


To the Diff. of Long. FG 646.8 
As the cs. of the Courſe 350 180 


Is to the Diff. of Lat. 650 
So is Radius | 


— 


2.81079 


LO em 


9.91495 
2.81291 
IO. 


2.89796 


* 


To the Diſtance run 790.6 
The Courſe is NW &N ©? 57! Weſterly. 


CASE 


Chap. 
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A; Rad. 
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Diff. of I 
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CASEY: 


ne Latitude, Courſe, and Diſtance given; to find 
the Difference of Latitude, Difference of Lon- 
gitude, and Departure, 


A Ship being in the Latitude 39 40/ North, fails 
\W þ W 540 Miles: I demand what Latitude ſhe is 
ow in, and her Difference of Longitude and Depar- 
ure, 


Note, You muſt find the Difference of Latitude be- 
ore you can draw the Figure, 


9 * 
— 
Th _ — — ee — ne RM, tas ei ? * 
* 2 
* 


" Rad. to the Diſtance 540" 2.73239 » 
50 es. of the Courle 330 45 9 
Io the Diff. Lat. 300 2.47713 


lat. come from 39˙ 400 
Df, of Lat. dd 5, oo (Sum ws $4* 200 


Lit come into 44 40 Halt 42 IO ==. * 


* | As 
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Part I}. 
As cs. of the middle Lat. 470 500 0.13007 
Is to t. of the Courſe BAI 56 150 10.1951 
So is the Diff. of Lat. AB 2.47713 
To the Diff. of Long. 605.8 GF 2.78231 
As Radius to the Diſtance AI 540 2.73239 
So s. of the Courſe 569 15 9.9198; 
To the Departure BI 449 2.6 5224 

CASE M. 


One Latitude, Departure, and Courſe given; the 
Difference of Latitude, Difference of Longitude 


and Diſtance required. 


A Ship from Liſton in the Latitude 389 50! North; 
fails SWW until her Departure be 360 Miles: I de- 
mand her Diſtance run, Difference of Longitude, and 


what Latitude ſhe is in. 
As s. of the Courſe 56® 1 5' 
To the Departure 560 
So is Radius 
To the Diſtance 673.5 


As Rad to the Diſtance 673. 5 
So cs. of the Courſe 33® 45! 


To the Diff. Lat. 374 


9.9198; 

2.74819 
10. 

2.82834 


—— 


2.82834 
9.74474 


2.57308 
| Fhe 


The Lat. 
Diff. of I 


Lat, com 
As cs. 

Js to t. 
So is t.! 


To the 
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The Lat. come from 380 50 Sum of the Lat. 719 260 
Diff. of Lat. ſubtr. 6 14 ; | — 
—— Middle Lat. 35 43 


Lat, come into 32 36 
As cs. of the middle Lat. 649 17 '. 0.09049 
Is to t. of the Courſe 360 15! IO.1751T 
So is the Diff. of Lat. 374 2.37308 
To the Diff. of Long. 689.7 2.83868 
CASE VI. 


Ie Latitude, Diſtance, and Departure given ; the 
Difference of Latitude, Difference of Longitude, 
ond Courſe required. 

A Ship in the Latitude 380 400 North, ſails between 
r North and Weſt 650 Miles, and then finds her De- 


future 546 Miles: I demand her Courſe, Difference of 
aitude, and Difference of Longitude. 


1 2 -- 
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As the Diſtance 650 2.81291 
Is to the Departure 346 2.73719 Thi 
So is Radius 10. Right- 
| ———— = ac m⸗ 
To s. of the Courſe 57* o8/ 9.92423 Ml often : 
| Way c 
Pages, 
EE Praftict 
_ — ao 5 5 »$h their A 
I — > i \ Plano. 
H. — 
The | 
As t. of the Courſe 575* 08/ . T0.189697 WM... 70 
Is to the Departure 546 2.737193 of th 
So is Radius 55 
To the Diff. of Lat. 352.8 2.547490 BC 
„ 5 
Lat. come from 389 40 Sum of the Lat. 832 13 6 was 
iff. Lat. add ky 
ww BR Th Middle Lat. 41 36 . 
Lat. come into 44 33 be 86 
pi uinocti.: 
As cs. of the middle Lat. 480 24 Tg 1 p 
Is to the t. of the Courſe 37 080 10.189 97 The Me 
So is the Diff. of Lat. 352.8 2.547 bd. 10. 
q 15, of 
To the Diff. of Long. 730. 2 . 2.86340 ater, gi. 
The Courſe is NWYHW oe 55! Weſterly. Cent 


Thus at Com 
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Thus have I finiſhed the Application of Plain or 
ight-lined Triangles, ſo far as I deſign'd, tho' there 
re many more excellent Uſes which they may be, and 
fren are applied to, which the Reader will find in his 
Vay of Practice: I ſhall therefbre, in the ſullowing 
ages, apply the Doctrine of Spherical Irian:; to 
ractice. But it will be proper, before I begin to ſhew 
heir Application, to ſhew how to project the Sphere in 
ano. F OTE 


—_— hh, 


CH APV; 
The Projection of the Sphere in Plano, 
8 E C T. I. | 


Hi to project the Sphere in Plano, upon the Plain 
of the General Meridian, by Circular Lines. 


IRST, with 609 of Chords draw the Circle 
BCDE upon the Center A, croſs it with the 
mo Diameters at right Angles ; divide each of the 
our Quadrants into go Degrees, as you ſee in the 


'gure. This Circle, thus drawn and divided, repre- 
nts the general Meridian, C the North Pole, and 
the South Pole, BAD the Equinoctial, CAE the 
es: Colure, and prime Vertical Circle or Hour 
f fix, | 
The Meridians or Hour Circles are drawn by Prob. 5. 
lep. 10. of the firſt Part. Thus the half Tangent 
l 15, of 30, of 45, Sc. ſet both Ways from the 
enter, gives their Interſections with the Equinoctial; 
e Centers of thoſe Circles are found by the Se- 
at Complement, ſet from the Interſection upon 
| . the 
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the Equinoctial (extended if Occaſion be; ) then if 
your Center be found right, the Meridian which you 
draw will cut thro' the Interſection before found, and 
thro' the two Poles C and E. 

The Interſections of the Parallels with the prime Ver. 
tical, are found alſo by half Tangents, that is, the half 
Tangents of 10, 20, 30, Sc. ſet both ways from A; 
the Centers of thoſe Parallels are found by ſetting the 
Tangent's Complement of the Parallel's Diſtance trom 
the Equinoctial, along the prime Vertical (extended, if 
Need require.) See Prob. 9. of Spherical Geometry. 

The Tropicks are the prick'd Parallels, and the 
right Line 2 A is the Ecliptick, and is divided by 
half Tangents ; thus the half Tangent of 30” (that is 
one Sign) ſet both ways from A, ſhews the beginning 
of 8 and X ; and 60 ſet both ways from A, ſhews 
the beginning of n and =. After the fame manner 
may the intermediate Degrees be put on. 
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SECT. 


Hm to projet the Sphere in Plano, ſuitable to an 


aſſigned Horizon, ſuppoſe London, 0 Lari 
tude is 51 300. 


Having divided the outward, or primitive Circle, as 
n the laſt, extend the Meridian- Line NS on both Sides 
o B and 0; then take the half Tangent of 389 30 
the Complement of the Latitude) and ſet from Z - 
Zenith to P, fo ſhall P be the North Pole, Elevated a- 
bove the North Part of the Horizon NP 51 ? 30 equal 
to the Latitude: Then take the Secant of 51* 30% and 
ſet it upon the Meridian-Line from P to B, ſo is B the 
Center of WPE, the Hour Circle of Six, which i is alſo 
the Equinoctial Colure. 

Then ſet the half Tangent of 51? 3o' from Z to , 
o all ZE be the Point in the Meridian thro which the 
Equinoctial muſt paſs ; from E ſer the Secant of 389 
30' to C, ſo thall C be the Center of the I£quinoctial z 
which, being drawn, will cut the Horizon in the Eaſt 
and Welt Pol ts thereof. 

Then, bec auſe the Ecliptick cuts the Equinoctial at 
n Angle of 23® 30/, therefore add 230 300 0 519 30 
ad the Sum is 75 degrees; alſo ſubtract 23? 3o' from 
510 30% and there remains 28 degrees: Wherefore take 
759 out of the Scale of half Tangents, and ſet from Z 
0 1, and ſet the half Tangent of 289 from Z to =, 
o ſhall the two Points y and S be the two Points in 
the Meridian, t througn which the two halves, viz. the 
Northern and Southern Semicircles of the Ecliptick, 
mult paſs, Now if to Fi 30% the Complement of the 
Letitude, you add 239 30% the Obliquity of the Eclip- 
tick, the Sum is 62“, the Meridian Altitude of he Sun 
en he enters into ; and if you ſubtract 29? 300 
rum 380 30), the Remainder will be 155, the Sun's 

| 1 4 Meridian 
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Meridian Altitude when he enters ur: wherefore take 
62 out of the Scale of Secants, and ſet from = to O; 
ſo ſhall O be the Center of the Northern Semicircle of 
the Ecliptick ; and the Secant of 152 ſet from v toD, 
ſhews D to be the Center of the Southern Semicircle of 
the Ecliptick : both which Semicircles being drawn, 
will cut the Horizon in the Points of Eaſt and Weſt, 
and the Meridian in the Points s and v. 

For dividing of the two Semicircles of the Ecli 
tick, ſet the half Tangent of 620 from Z to F; ſo ſhall 
F be the role of the Northern Semicircle of the Eclip- 
tick Y, 2, ; and the half Tangent of 139 ſet from 
Z to G, ſo ſhall G be the Pole of the Southern half of 
the Ecliptick , , . 33 
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From which two Poles, F and G, the Ecliptick is to 
e divided, thus: Lay a Ruler to F, and to every 300 
f the primitive Circle, and it will cut the Northern Se- 
nicircle of the Ecliptick in the Points , n, S, K, 
nd m; and being laid to G, and to every 300 of the 
rimitive Circle, it will cut the Southern Semicircle in 
he Points m, f, , , and X, for the Points of the 
un's Entrance into any of the Signs; and ſo may eve- 
y fifth, tenth, or every ſingle Degree be divided. 


The Interſection of the two Tropicks, and the other 
ntermediate Parallels of Declination, are ſuch as are in 
he following Table. 


Vecu- Inter ec intertec- 
nation] tions. nation] tions. 
South. North 
| I 7 00 jf 12® 3% 30 
$ 23-174. 3O Th. 62 30 
| 22 73 30 [4 10 461 30 
21 72 30 9 60 30 
F 20 171-30 ff 8 1509 30 
10 % 30 + 38 30 
| 15 | 29 30 6 457 30 
q 17 bo. 30 5 56 30 
10.7 38 4 155 39 
E18 %%% 30% 3 554 30 
| 1s 05 30 2 53 30 
13 [64 30 t- 52 30 
8155 | Equi. 51 30 
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Part Il 


A 4 able of the Inter jettions| 
of the Parallels of Decl:- 
nation with the Meridian. 

Decli 


— — 


f For North Declination. 


— — — — 
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1 Table of the Centers of the 
| Tropicks and Paral. of De. 
clination from the Zenith, 


| 25 120% 00. f1..1:2% 39“ 30 
'- T3 10 4} £4 40 30 
22 129 3010 [41 30 
. 30 30 9 2 30 
52 1 32-439 8-144 30 
i 19 32 30% 7 [44 3 
18 1.33 30 0-125 30 
27-134 32115 [45:30 
| 16 135-3011 4. [47 30 
13 38 30 %% 1 38 
„% „ | 
13 * 300% I | 50 .30 
{ | 


VF 
23 
22 
21 
20 


Decli- [Centers 
nation from 2. 
50uth.1 f 


„ 


Decli- Center; 


nation: from 7. 
North, 
n 
MLS): 
22 28 16 
21 28 36 
20 28 50 
19 29 19 
1829 42 
1 
1630 28 
15 30 För 
14 31.17 
13 31 42 
12 32 8 
11 32 306 
7353 
9. 133.32] 
8 34 2 
7 j 34 32} 
5 
5. 1.35. 30] 
4 j30 8 
3 36 42 
2 37 7 
1 38 55 
| 
| 


—_—_—— —A= ] 8 — — — 
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The Tropicks and Parallels of Declination are eaſily 
drawn by the Help of the preceding Fables: For it 


vou take the half Tangent of the Number in the Tab 
of Int: rlections, and ter from Z towards 8; and tab 
the Tangent of the Number in t 
and ſet trom Z towards N in tlie 
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Example. Let it be required to draw the Parallel of 
15 deg. of South Declination; look in the Table of In- 
erſections, and you will find 66 30“: take the half 
Tangent thereof, and ſet from Z to d, ſo is d the Point 
of InterſeEtion : then look in the Table of Centers, and 
you will find 499 55/ ; ſet the Tangent of 49® 55 from 
/ upon the North Part of the Meridian, and it will fall 
at b, a little beyond N, which is the Center; let one 
Foot reſt in þ, extend the other to d, and draw the Pa- 
rallel, and ſo of the reſt. ES 

Upon P (as a Center) at the Diſtance PB, deſcribe 
the Semicircle ABD, which divide into 12 equal Parts 
in the Points * * *, Sc. then lay a Ruler to P, and to 
every one of the Points * Sc. Lines drawn from 
thoſe Points will cut the Tangent-Line in the Points 
1, 2, 2, Fc. which are the Centers of the firſt, ſecond, 
and third Hours from the Meridian: But thoſe Points 
are much better and ſooner found by the Help of a 
Sector; for open the Sector to the Radius PB, and out 
of the Lines of Tangents you may prick down the Cen- 
ters 1, 2, 3, Sc. Then with one Foot of the Compaſſes 
in the ſaid Center, open the other Foot to P, and ſtrike 
the Hour Circle; and with the ſame Extent ſtrike the 
Hour Circle, which is the ſame Diſtance from the Me- 
fidian on the other Side. 


To make the Table of Inter ſectious. 


B:cauſe the primitive Circle of the Projection is the 
Horizon, and the Center the Zenith, and the Diameter 
tne Meridian, and it is required to know how far the 
Parallels are to lie from the Center: It is meet there- 
fore, firſt, to enquire the ſame thing in the Sphere, viz. 
how many Degrees cach Farallel lies from the Zenith of 
the Place, both on the South, and on the North Part 
alo of the Meridian. | 

In this Scheme the Work will be plain, wherein 
me Circle repreſents the Meridian of any Place, as 

: luppoſe 
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ſuppoſe of London, and in it Z the Zenith, P the 
Pole, „ H the Horizon, E & the Equinoctial, ac 
the Tropick of , and BD the Tropick of , de- 
clining each 230 30“; the Queſtion is then, how fer 
theſe two Parallels are from the Zenith Point Z, both 
towards AB the South, and towards CD the North. 
For anſwer, conſider that from Z to AX Southward i; 
the Latitude of the Place 51? 30o', and from Z to- 
Northward is the Complement of that to 180%, »jz, 
1282 20/, and theſe are the North and South Diſtances 
of the Equinoctial, or Beginnings of Aries and Libra. 
Then A, EB, & C, and & D are each declining 


230 30/ from the Equinoctial; fo if we take 230 30 


out of , the Latitude of the Place 319 30% there 
will remain AZ 289 oof, and ſo much is the Parallel 
of Cancer diſtant from the Zenith of London on the 
South Part of the Meridian. Again, becauſe Z # i 
1280 3o', and & C 23® 3o', taking £ C out of 4 2, 
there will remain 105? oo; and ſo much is the ſame 
Parallel of Cancer diſtant from the Zenith on the North 


Tart. : 


Now for. the Tropick of Capricorn, add Z 51" 30 


0 [ 
to EB 23* 30“, the Sum is 75? oc; and Z & 128 10 
added 
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ded to £ D 239 3o', the Sum is 152* 00; ſo the Di- 
ince ZB is 759, and ZD is 1529. 
Again, let us find the Diſtances of the Parallel of 205 
North Declination EF: from Z 519 30o' ſubtract 
E 20* OO, and there remains EZ 31® 30“; and from 
39 30/ ſubtract 209 oO, aud there remains 1089 30 
F, the other Interſection. | 
Again, let us find the Diſtances of the Parellel of 20˙ 
of South Declination GR. To EZ 51® 30! add 
6 209, and the Sum is 719 2o': and to Z & add R 
200, and the Sum is 1489 go! ZR, the other Inter- 
tion. Thus you may find all the Interſections to e- 


ery ſingle Degree of Declination, both upon the North 
id South Part of the Meridian. | 


To make the Table of Centers, 
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ſuppoſe of London, and in it Z the Zenith, P the 
Pole, þ H the Horizon, E æ the Equinoctial, ac 
the Tropick of , and BD the Tropick of m, de- 
clining each 239 20/; the Queſtion is then, how far 
theſe two Parallels are from the Zenith Point Z, both 
towards AB the South, and towards CD the North, 
For anſwer, conſider that from Z to Southward i; 
the Latitude of the Place 319 3o', and from Z to- 
Northward is the Complement of that to 1809, viz, 
1289 20/, and theſe are the North and South Diſtances 
of the Fquinoctial, or Beginnings of Aries and Libra. 
Then EA, B, & C, and & D are each declining 
230 30] from the Equinoctial; ſo if we take 230 30 
out of E, the Latitude of the Place 319 30% there 
will remain AZ. 280 oof, and ſo much is the Parallel 
of Cancer diſtant from the Zenith of London on the 
South Part of the Meridian. Again, becauſe Z # is 
1280 30ʃ, and © C 23® 30, taking 4 C out of 4 2, 
there will remain 10535 oo; and fo much is the ſame 
Parallel of Cancer diſtant from the Zenith on the North 
Part. 


Now for the Tropick of Capricorn, add Z 51" 30 


£ / 
to EB 23* 30, the Sum is 75% O; and Z 4 128 30 | 
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Chap. 5. Profection of the Sphere. 
added to £ D 239 3o', the Sum is 152* 00; ſo the Di- 
tance ZB is 75®, and ZD is 1529. 

Again, let us find the Diſtances of the Parallel of 205 
of North Declination EF: from EZ 519? 30 ſubtract 
EE 20* oO, and there remains EZ 31 30/; and from 


1280 30/ ſubtract 20 O0, aud there remains 1080 307 
7F, the other Interſection. | 


oo! of South Declination GR. To AZ 51 3o' add 
EG 209, and the Sum is 719 3go': and to Z & add R 
2 209, and the Sum is 148? 300 ZR, the other Inter- 
ſection. Thus you may find all the Interſections to e- 
rery ſingle Degree of Declination, both upon the North 
nd South Part of the Meridian. 


To make the Table of Centers, 
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Again, let us find the Diſtances of the Parcllel of 20˙ 
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In this Table the Arches or Numbers in the fig 
Column are the Diiiances of che Parallel from the 25 
nith found by the forme Directions; the next Columg 
are the Halves of the firſt, C being the half of A, and 
D the half of B. The third Coluinn contains the Tan- 
gents of thoſe in the ſecond, ſo the Tangent of C is |, 
and the Tangent of D is Ff the firſt Number in the 
fourth Column is the Sum of the Tangents in the third, 
ſo G is the Sum of E and F, and is the Diameter of the 
Parallel ; the lower Number i in that Column 1s the half 
of the upper, ſo H is the half of G; the Number in 
the fifth Column is the ſame as the lower Number in 
the third; the Number in the ſixth is the Difference 
between the lower Number in the third, and the lower 
Number in the fourth, and is the natural Tangent of 
the Diſtance of the Center from the Zenith : and if you 


look the ſaid Tangent in the Table of natural Tangents, 


you will have the Degrees and Minutes the ſame as in 
the Table of Centers; fo if 52694 be found i in the Ta- 
= of natural Tangents, you will find 277 47! to anſwer 

But think it is a better Way to find the Degrees 
cad Minutes anſwering the Semidiamerer in the fourth 
Column ; thus, find FI 77627 in the Table of natural 
| Tangents, and the Degrees and Minutes anſwering is 
37* 49; fo if you take this our of your Scale of Tan- 
gents, and ſet it from the Interſection, that will give the 
Center of the Parallel, and you may draw it without 
altering your Compaſſes. But if you have a Diagonal 
Scale of the ſame Radius with your primitive Circle, 
you need not find the Degrees and Minutes, but take 
the nacural Tangent of the Interſection (as it is) from 
your Diagonal Scale, and ſet it from Z upon the Meri— 
dian; then take the Semidiameter from the fame Scale, 
and ſet it upon the Meridian the other Way, and that 
will find the Center; then, without ai-cring the Com- 


Paſſes, draw the Parallel. 
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T , prijett the Sphere upon one of the tefſer Circles, 
viz. the Tropick of Capricorn. 


1. With 60 of Chords upon the Centre P, defcribe 
the Circle , IE, , for the Equinoctial; crols it 
with two Diameters at right Angles in the Center P, 
with , P, ꝙ, the Equinoctial, and EP, x, the Sol- 
fitial Colure, which is allo the Meridian of the Place. 
„ Out of your Scale of half Tangents, take 113 30% 
that is the Diſtance of the Tropick of Capricorn, from 
he North Pole of the World, and ſet it from P South— 
ward to y. 3. Take the half Tangent of 66 39/, 
he Complement of the Sun's greateff Declination, (or 
de Diſtance of the Tropick of Cancer from the North 
Poe) and ſet it upon the Meridian Northward from P 
bs; and at that Diſtance upon P deſcribe the Circle 
lor the Tropick of Cancer. 4. Divide the Space be- 
een and into two equal Parts in the Point E; 
0 ſhall E be the Center whereon to deſcribe the Eclip- 
ick Circle Y, 33, =, . 5. Take the half Tangent 
1% 30/, the Latitude, out of the Scale of half Tan- 
ents, and ſet it from P to R in the Meridian; ſo ſhall 
be the Interſection of the Horizon with the North 
art of the Meridian. 6. Take the Tangent of 38* 
0, the Complement of the Latitude, and ſet it upon 
it Meridian Southward from P to H; ſo ſhall H be 
e Center of the Horizon, and HR the Semidiameter 
icreof, Whereon the Horizon ARB 1s to be deſcribed, 
ting the Ecliptick in the Points ꝙ and , if there 
e no former Error, The next thing to be done is 
b divide the Ecliptick, which may be done from a 
able of right W e but Geometrically thus. 
Divide the Equinoctial into 12 equal Parts, then 
nz a Ruler to E, (the Center of the aa aa 
an 
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and to every of thoſe 12 Diviſions of the Equinoctia 
and it will cut the Ecliptick in the Points , &. i; 
, A, A, , M, f, , , X : and according 
as you divide the Equinoctial into every 10th, 5th, or 
every ſingle Degree, ſo you may divide the Ecliptick 
alſo. 8. For the Azimuths, or Vertical Circles, to the 
Radius of the Equinoctial Circle, take the half Tau. 
gent of 389 30ʃ, the Complement of the Latitude, and 
ſet from P downwards (upon the South Part of the Me. 
ridian) to Z; ſo ſhall Z be the Zenith where all the A. 
I zimutn Circles do concur : and how to project them, 
is in this manner. 9. Take 512? 3o', the Latitude, out 
of the Scale of halt Tangents, and prick them down on 
the North Part of the Meridian from P to X; and thro' 
X draw a Tangent-Line parallel to » PA, extending 
it infinitely on both Sides of the Meridian. 10. Make 
ZX a new Radius, open your Sector to that Radins, 
and take out the Tangents of 10, 20, 30, Sc. and ſet 
them both ways from X upon the Tangent-Line. But 
for want of a Sector you may with any Line of Chords 
{ſtrike a Semicircle, and divide it into Degrees, and lay 
a Ruler to Z, and to every 20 Degrees, and it will cut 
the Tangcnt-Line in the Points 10, 650 30, Cc. which 
Points will be the Centers of the Azimuth Circles; ard 
the Semidiameter of each Azimuth wilF be the Diſtance | 
between Z and each of the {aid Centers, 11, For the 
Circles of Poſition draw a right Line thro' H, the Cen- 
ter of the Horizon parallel to P (the Equinoctial 
Colure) then divide the South Semicircle of the Equi— 
noctial into ſix equal Parts; a Ruler laid from P tae 
Pole, to cach of thole ſix Diviſions, will cut the for- 
mer Parallel-Line in the Points 4, , %; and thoſe | 
ſhall be the Centers whereby to deſcribe the Circles of 
Poſition : and thus is this Projection finiſhed. 
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r. V. 


How to project the Sphere upon any oblique Circle, 
and to find in what Latitude, and Difference , 
Longitude ( from the Place chere the oblis pr 
Circle deviates from the Meridian and 7 jj}, 


of a known Latitude) it ſhall be an Horixentall 
Plain. 


As great Circles of the Sphere are Horizons in ſome 
place of the World or other, ſo all Plains on which 
Sun-Dials are made, are Horizontal Dials in ſome 
one part of the World; and ſuch a Plain (or gr: 
Circle) which I mean here, will beſt be repreſented 
by the Roof of a Houſc. Now ſuppoſe in the Liti 
tude of London 51? 30', that the {ide of a Houſ: 
ſhould decline from the Weſtward 24® 20% and the 
Roof thereof incline towards the North part of the 
Horizon 36 deg. I would know in what Latitude, and 
how much differing in Longitude, that part of the 
World is, in which this oblique Plain will be an Ho. 
rizontal Plain. 

Having drawn a primitive Circle HX Ob, to re. 
preſent this oblique Plain ; 
1. Draw the two Diameters HO and CD croſſing | 

each other at right Angles in | 

2. Set the halt "Tangent of 269, the Plain's Inclina- 
tion from Q to Z; lo Thall I be the Zenith of Lond-n, | 
and Q of the Place enquired. 

Set the half Tangent of 54®, the Comp. of the 
Plain's Inclination from Q to B; fo ſhall B be one 
Point thro' which the Horizon of London hd pals. | 

4. Set the Tangent of 362 from Q to C, or the 
Secant thereof from B to "6 ſo is C the Ce ater = the 
Horizon of London HBO. f 

5. Take the Tangent of 54 the Comp. of Inclina- 
tion, and iet from 0 to F. | 

6. Take 
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6. Take 249 20/ the Declination of the Plain, from 


he Scale of Chords, and ſet from H to c, from D to 


4 and from O to e. 

„. A Ruler laid from Z to c, d and e, will give the 
points W,S, and E, for the Weſt, South and Eaſt 
Points of the Horizon of London. 

. Draw FG perpendicular to QF, (or parallel to 

0) and extend it as far as you ſhall tee requiſite. 

9. Drawa Line thro' the Points E and W, (which 
if you have committed no former Error, will paſs alſo 
aro' the Center ().) and extend it till it cut the Line 
FG laſt drawn; ſo ſhall the Point of Interſection be 
he Center of the Meridian PZS, which is the Meridi- 
in of the Place where the declining inclining Plain 
n London will be an Horizontal Plain. 

10. A Ruler laid from W to Z, will cut the primi- 
we Circle in a, trom Which Point ſet 389 30! the 
Complement of the Latitude of London to &; and a 
Ruler laid from W to 6, will cut the Meridi- 
in in the Point P for the North Pole of the 
World. 

11. Set 909 of Chords from & to f, and from f to 
7; a Ruler laid from W to /, will cut the Meridian 
n E, for the Point where the EquinoCtial muſt cut 
the Meridian; and laid from W to g, will cut the 
Meridian (extended) in M, the South Pole; and a 
light-line drawn thro" P, Q and M, ſhall be the Axis 
" the World. 

12. The Equinoctial Circle mult be drawn thro' 
tne Points WA LE,; and to find the Center thereof, 
Gride the Right-line Wi in two equal parts in R, 
and upon R raiſe the Perpendicular RT, drawing it 
tt till it meet the Axis of the World PQM (ex- 
rnded) in the Point I', which is the Center of the 
Equinoctial Circle: Or, it from R, thro' C (the 
Center of the Horizon) a Right- line be drawn, and 
extended till it concur with the Axis of the World 


4 2 POM 


. 
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PQM extended, it will meet in T, the Center of the 
Og alto. 
Divide MP into two parts at right Angles in 
D, "ad draw JG, extending it infinitely. 9 
14. Upon P, at the Diffance V1 (or any «th; 
Diſtance) with 609 of Chords, deſcribe the Semicirc;: 
LDN ; and laying a Ruler from P to G, the Center 
of the Meridian PZS, it will cut the Semicircle 2 1): 
in K: at which Point K begin to divide th. 
Semicircle into 12 -equal parts at the Points 
©©000, Cc. Then a Ruler laid from P to each 5! 
thoſe 12 equal parts, ſhall give the Points cf ch. 
Tangents of 15,30,45,60, Sc. in the Line D, in 
which ſhall be the Centers of the Hour Circles, 6 
being the Center of the firſt Meridian or 12 of the 
Clock, or the Meridian of the Place. Or having 
ector, make PP Radius, in the Lines of Tangent its; 
and take the Tangents of 15, 30, 45, 60, Se. and 
ſetting them upon the Line GD both ways from D, 
ſhall give the Centers. 


The Projection thus finiſhed, if you take the Dil 
tanc- QP in your Compaſſes, and meaſure it upon 
the cale of half Tangents, you will find it to con- 
tain 722 34/, whoſe Complement i is PX 17? 26/3 and 
in that Latitude will this deelining inclining Plain be 
an Horizontal Plain. 

And if you lay a Ruler from P to , it will cut the 
Primitive Circle in Y; ; and the Diſtance N b, meaſured 
upon the Scale of Chords, ſhall be 14” 41", Which 
the Plain's Difference ot Longitude. 

So that a Plain declining 24® 2 207, and inclimug 3 
deg. in the Latitude of 'T on 40 WI] ul be an Horizontal 
Plain in the Latitud Ee 16/, and Difference of L. On. 


gitude trom London 138 4175 Which is about Caen 'n 
Negr oland. 
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POM extended, it will meet in T, the Center ci "the 
n e. a 

Divide MP into two parts at right Angles in 
D, "Ha draw DG, extending it infinitely. 

14, Upon P, at the Diftance PD (or any other 
Diſtance) with 60 of Chords, deſcribe the Semicirck 
EDN ; and laying a Ruler from P to G, the Centr 
of the Meridian PZS, it will cut the Semicircle! L. D 
in K: at which Point K begin to divide th 
Semicircle into 12 qual parts at the Points 
©000, Sc. Then a Ruler laid from P to each g. 
thoſe 12 equal parts, ſhall give the Points of the 
Tangents of 15,30,45,60, &c. in the Line DG, in 
which ſhall be the Centers of the Hour Circles, G 
being the Center of the firſt Meridian or 12 of the 
Clock, or the Meridian of the Place. Or having 
ector, make PD Radius, in the Lines of T' angents; 
and take the Tangents of 13, 30, 45, 60, Se. and 
ſetting them upon the Line GD both ways trom D, 
ſhall give the Centers. 


The Projection thus finiſhed, if you take the Dil: 
tanc= OP in your Compaſſes, and meaſure it upon 
the Cale of half Tangents, you will find it to con. 
tain 720 34/, whoſe Complement 1 is PX 17? 26/, and 
in that Latitude will this declining inclining Plain be 
an Horizontal Plain. 

And if you lay a Ruler from P to Æ, it will cut the 
primitive Circle in ; and the Diſtance N by mœaſured 
upon the Scale of Chords, ſhall be 14“ 410 „ Which is 
the Plain's Difference of Longituce. 

So that a Plain declining 249 20% and incliniug 30 
deg. in the Latitude ol London; will be an Horizontal 
Plain in the Latitude Þ FR 16', and Difference of Lon- 
gitude from London 134941, W hich is about Caſſena in 


Negro land. 
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How to project the Sphere upon the Plain of the 
Equinoctial. 


1. Let the Primitive Circle A B wv repreſent the 
EquinoCtial, divide it into 24 equal Parts, and mark 
hem with their proper Hours; the Center © repre- 
ents the Pole of the World. 

2. The Diameter A © B, having XII at each end 


thereof, is the general Meridian, and the Solſtitial Co- 
ure. 


z. The Diameter M © having VI at each end, 
s the Hour of VI, and alſo the Equinoctial Colure. 

4. The Circle OPFS, is a polar Circle, and is 
tiſtant from the Pole of the World 239 30ʃ/, which is 
thus deferibed : Take the half Tangent of 232 30 
n your Compaſles, and upon © deſcribe the Circle 
OPS. 

z. The Circle E es We, repreſents either of the 
Tropicks, and is diſtant from the Equinoctial 230 30/; 
er it is diſtant 66 30. from the Pole ©. To project 
t, take 66? 30“ out of the Scale of half Tangents, and 
wth that extent upon the Pole © deſcribe the Circle 

E W W. | 
And here Note, That all Parallels of Declination 
re deſcribed by the halt Tangents of the Complement 
af their Diſtances from the Equinoctial upon the Pole 
d, as the Polar Circle and Tropicks were. 

6. The Circle v & is the Ecliptick, whoſe grea- 
elt Obliquity from the Equinoctial is 230 go', and it 
thus deſcribed : Set the half Tangent of 66 30 
tom © to S, and ſet the Secant of 239, 300 from S 
bvG, ſo is G the Center: The Pole of Ecliptick is 
le Interſection of the Polar Circle with the Meridian 


* P, thro' which Point all the Circles of the Stars 
Longitude paſs, | 


EE 2 7. The 
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7. The Circle H e repreſents the Horizon «f 
London, whoſe Latitude is 3 300%. To deſcribe i, 
ſet the halt Tangent of 51® 30ʃ, from © to I, an 
the Secant of 389 30! will pa... from H to bl the Cen. 
ter. For its Pole, the half Tangent of 389 30' being 
tet from © to Z, gives Z the Zenith, which is alle 


the Pole of the Horizon, thro? which Point all the 


Azimuth Circles pals. 

8. The Circle KPI. is a Circle of Longitude paſſing 
thro? 65 12/, which is the Longitude of " Aldeboruy, Or 
the Bu! 's Five, To dricribe the Circles of. Long. 
tude : Firſt, they mult all paſs thro' the Point P, and 
thro' every degree of the Ecliptick, fo that th 
Ecliptick being divideck from P the Pole thereof, x 
was ſhewed how to divide the Horizon from Z its 
ir 2 trig have three Foints given, thro* which they 

be deſcribed. Thus the Secant of 66 go! vil 


reach from P upon the Meridian to X the Center of 


00 deg. and 180 deg. of Longitude, viz. of the Cit 
cle p< P: the Centers of the reſt will be in a right 
Line drawn at right Angles to the Meridian, thr 
the Point XN, and arc found by their Tangents, as Was 
before tat ught. 

9. The Circle * 4 * is a Parallel of the Bulls Hi 
Declination 159 4%/, and 1s deſcribed by. taking the 
half Tangent of its Complement 74 125 and upo 
O rag the Circle. 

O. The Circle v Z & 1s the prime Vertical 0 
Avinuich of Faſt and Weſt. To deſcribe it, it is u 
paſs thro' Z the Zenith, as all Azimuths muſt do 
and ſeeing the Z. nith | is diſtant from the Pole 38093 
ſet the Secant of 319 zo' from Z upon the Meridia 
to Y the Center; and in a Line drawn at right An 
gles to the Mcridian thro? the Point T, ſhall che Cer 
ters of all Azimuth Circles fall, which are found 0] 
their Tangents ZY being made Radius. So the Po 
D is the Center of the Azimuth R ZV, an Au 


muth of 39 42/ lrom the Eaſt, and the Point 4 th 
| Cente 


— 
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of 200 20', viz. 699 40/, and the Sum is 1082 10, 
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Center of the Azimuth M Z paſling thro? the Zu 
Eye at 6 a-Clock, being 10 deg. from the Eaſt, 

11. The Circle we & u, is a Circle of Altitude 205 
20' paſſing thro* the BulPs Eye when he is upon th: 
Welt Azimuth. To deſcribe this Circle, the Point? 
the Pole of the Horizon being 382? 3o/ diſtant from e. 
add and ſubtract it, to and from the Complement 


and the Difference is 310 10/ ; ſet the half Tangent gf 
108? 10/ from © to g upon the Meridian, and (et th: 
half Tangent of 31“ 10/ from © to e, the middle be. 
tween e and g is F the Center of the Parallel. Afer 
the ſame manner may you draw the Circle 7 X 
being a Parallel of 45* Altitude, whoſe Center is J. 
Thus have I ſhewed you how to project the Sphere 
upon ſeveral Circles; by which, and the Directions 
in the 10th Chap. of the firſt Part, of Spherical Geo- 
metry, you will be enabled to perform any Projection 
required. 


Chap. 6. Of Geography: 345 
H VI. 


The Doctrine of Spherical Triangles ap- 
plied to Practice in Geography, ſhew- 
ing how 10 find the Diſtances of Places 
upon the Terraqueous Globe, by the 
Arch of a great Circle, with the 
Angles of Poſition. 


S:8 6:34. 


Two Places differing only in Latitude, to find their 
Diſtance. 


F the two Places be both in North, or both in South 

Latitude, the Difference of Latitude brqught to 
Miles is their Diſtance. But if one Place be in 
North, and the other in South Latitude, then the 
dum of their Latitudes brought to Miles is their 
Diſtance. 

Exemple 1. What is the Diſtance between the Lizard 
in the Latitude from 50 12/, and Tangrzer in the La- 
itude 352 36“, both North? 

Subtract 355 36! from 502? 12/ and there remains 
4 26/, which multiplied by 60 makes 876 Miles. 

Example 2. What 1s the Diſtance between the Lizard 
in North Latitude 502? 12', and St. /{e/ena in South 
Latitude 16 b 

Add the two Latitudes together, the Sum 1s 66? 
2, which makes 3972 Miles. 


AT 
F 
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of the World, Globes, Sc. where it begins at ſome 
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Two Places differing in Longitude only, to fn 
their Diſtance. 


In this Section are two Varieties. 


1/t. Two Places in the Equator, their Longitude 
being given, to find their Diſtance. | 
1. According to the old way of counting the Lon- 
gitude, that is, as it is commonly number'd in Maps 


particular Place, as in ſome it is counted from Pico 
Teneriffa, and ſome make the firſt Meridian at Faro; 
ſubtract the leſſer Longitude from the greater, and 
the remainder (if leſs than 1809) is the Diſtance re- 
quired : but when it is more, ſubtract the remainder 
from 360, and the laſt remainder is the Diſtance. 

2. According to the new way of counting the Lon- 
gitude (in the Mariner's Compaſs Rectiſied) the Rule 
is thus: If the Longitudes be both Eaſt, or both Weſt, 
ſubtract the leſſer from the greater, the remainder 1s 
the Diſtance : But when one is Eaſt, and the other 
Weſt, add them, and the Sum (if it exceed not 
180) is their Diſtance ; and when it exceeds 180), 
ſubtra& it from 3609, the remainder is the Diſtance 
required. 


Example. What is the Diſtance of Sumatra, whoſe 


Longitude is 137 10/, from the Ifland St. Thome, 


whole Longitude is 33® 10%, both lying under the 
Equinoctial ? 


The Difference of Longitude is 1049 00! which 


makes 6240 Miles, and ſo much is the Diſtance 0} 
the Iflands. | 


24. Variety. Two Places under one Parallel, or bot 
in one Latitude, their Longitudes being given, to fine 


their Diſtance. 


Exam* 


— — — — 2 — wing ( trords 
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Example. I demand the Diſtance between the Lizard, 
and Pengwin Iſland in Newfoundland. 


pangcoin Ifland 3219 660. Or 5310 
2 Lon. } 9 42 Or 5 24 W. Lon. 


— 


312 14 47 46 Diff. Lon. 


360 00 


ln this Figure ZE & repreſents the Equator, N the 
North Pole, and S the South Pole; C repreſents the 
land Pengwin, and D the Lizard, both in the Lati- 
ude of 50 deg. and CDG repreſents a great Circle 
Which paſſes thro' both Places; then in the right- 
agled Triangle CN o, there is given CN 40? of 


Viſtance z which being doubled, will be CD the whole 
Viſtance, Therefore it will be, | As 


Compl. of Latitude, and the Angle CN 23063. 
alt the Difference of Longitude ; to find C # half the 


i | 348 Of Geography. Patt 1 
| As Radius to the s. of CN 40? oO 9.80806 
So is the s. of the Angle CN o 230 33˙ 9.605322 


9 


To the s. of Co 15? 05/ half the Diſtance 9.4; 5385 


So the whole Diſtance is 30˙ 10/= 1810 Miles. 


—_—. 


— 


To find the Angles of Paſition o CN, or o DN 


In the Triangle CN o, right-angled at s, we have 
given CN 40* oof and the Angle CN o 23* 53, to 
1 find o CN. Therefore it will be, 


ee ——— 


As ct. of CN @ 23* 53/ 10. 352801 
Is to. Radius IO. 


So is cs. CN 40% o 9.884254 


To ct. the Angle o CN 71 15 9.530453 


The Angle o DN is equal to o CN, being ſubtended 
by equal Sides, 


Jes oy OS - —_ 
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Two Places differing both in Longitude 
and Latitude, to find their Diſtances. 


In this Section are three Varieties or Caſes. 


CASE- I. 


One Place may be in the Equator, and the other 
towards either of the Poles, 


EX A M FL E. 


Let the two Places be the Lizard in 50? oo North 
Latitude; and the Iſland Gilalo under the Equinoctial, 
the Difference of Longitude 134 deg. what is the 
Diſtance between the two Places ? 

In the former Figure, C repreſents the Lizard in the 
Latitude 30 O0 and H the Iſland Gilolo in the 


Places. 

Then in the 1 quadrantal Triangle CNH, 
or rather its oppoſite HSG, there is given the qua- 
eantal Arch HS ; the Side SG equal to CN 40? oo, 
ve Complement of the Lizard's Latitude and the 
contained Angle HSG, the Complement of the Dit- 
rence of Longitude 46* oo, to find the Side GH. 


given H & 469 oo', the meaſure of the Angle HSG, 


nd G & 500 o0!', the Complement of SG, to find GH. 
Vhen it will be, 


AS 


Equator, and CHG the great Circle paſſing thro' both 


Utherwiſe in the right- angled Triangle GH & there 
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As Radius to cs. H & 462 oof 


841 
So is cs. G & 50? oO 9.30 
To cs. GH 63? 290 9.64964 


Whoſe Complements to 180? is CH 1162 3 th; 
Diſtance of tie Places, which is 6991 Mil-s. 


uw _ 


bn ——_— 


— 


—— 
„ 


n. 


To find the Angles direct Poſition, CHN and 


NCH. 

In the Triangle CNH ; 
As s. of CH 1169410 (or 63 90 0.048272 
Is to s. of the Angle CNH 134 (or 460) 9. 35 
S0 s. of CN 40 O0 9.808007 
To 8. of the Angle CHN 217 07 OY 

Again, 9 
As s. of CH 116 31“ (or 63? 29') 9.95172? 
Is to s. of the Angle CNH 134 (or 46®) 9.85693: 
So s. of NH go? 10 
To s. of the Angle NCH 53 300 9.905200 

C-A-S E 8 II. 


Both Places may be on one Side of the Equatir , 
that is, both in Narto, or both in South Lati- 
tude. 


EXAMPLE. 


Let one Place be the Lizard in 50? oo' of Norta 


Latitude, and the other Aracan in the Bay ol Bengal 
in 
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in 200 O0 North Latitude; the Difference of Longi- 
tude between them is 108 oof ; 3 what is their Di 
rance ? 

In the former Figure, C repreſents the Lizard, B 
repreſents Aracan ; and CBG the great Circle paſſing 
thro! both Places. 

1 hen, in the ſpherical Triangle CNB, there is given 
(N 40? oo, the Complement of the Ligard's Latitude, 
BN 700 oof, the Complement of the Latitude of Ara- 
n; and the Angle CNB 108 deg. the Difference 
of Longitude ; to find the Diſtance CB. 


By Mr. Collins's Proportion. See Caſe the gth of 
Oblique-angled Spherical Triangles. 


As Radius to the cs. of the Angle in- 

fx chided :o89 .- - 9.489982 
od So is t. of the leſſer Side 40® 9.923813 
25 Tot. of a fourth Arch 145 32 9.413795 


Here you may obſerve, That when the included 
angle is obtuſe, you refolve the oppoſite Triangle, 
by this way. As in this Example, in the Triangle 
. BON the included Angle BNC is 108, therefore you 
rlolve the oppolite Triangle BGS, wherein you 
tave given SG equal to CN. 40?, and SB 1102, the 
Complement of BN to 1809, and the included Angle 
556 729, the Complement of CNB to 1809, to find 
BG, whoſe Complement to 180 will be the Diſtance 
tay required BC. In the firſt place, the Perpendicular 
La bd being let fall; in the right- angled Triangle G 48, 

Wii is given SG 40%, and the Angle GS d 729, to find 
dathe 4th Arch, which is 14© 3275 this being ſubtrac- 
k rom BS 1109, the reſidual Arch is 95? 287. Then, 


As 
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As cs. of S d the 4th Arch 149 32 0.014124 
Is to cs. of BA the reſidual Arch 95? 28/ . 
(or 84® 32/) $ 5.97894 


So ” of SG equal to the leſſer Side 40? ; 9 884235 


To cs. of BG, whoſe Comp. to 1809 is 
BC 85 41 0 


Here the contained Angle being obtuſe, (in the 
given Triangle) and the refidual Arch more than 9055 
therefore the Side BC is leſs than 90, as plainly ap- 
pears by the Figure. 

If the included Angle be acute, the Operation differ 
nothing from the common Method, by letting fall & 
Perpendicular. 

This may be otherwiſe refolved by Mr. Collins 
other Proportion, explained in the ſaid gth Cale, 


The Log. Sine of 400 oo! the leſſer Side 9.808067; 
The Log. Sine of 70? oO the greater Side 9.972985) 


The Log. Si f 54* (halt the Ang. 
doubled e —— 19.815915 
The Log. of 2 o. 30 10300 


The natural Sine againſt 9.897999; 
Is 7906896 
= the natural verſed Sine of 30* 09 


Add 1339746 5 the Diff. of the Legs. 


— —_ 


8 1485 ** the natural verſed Sine of 83˙ 41! 
ee the Diſtance required 


— — 
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as | CASE III. 


The tao Places may one lie in North Latitude, 
4 and the other in South. 


E A AMF LE. 


Let one of the Places be Cape Horn; that is, the 
fartheſt South Point of Land in America, in 57? 54 
South Latitude, and the other the Iſland of Barbudos 
in the great South-Sea, whoſe Latitude is 79 oof 
North; the Difference of Longitude between them 
is 1089, what is their Diſtance ? 

* In the former Figure, P repreſents Cape Horn, and 
L the Iſland Barbudos; and SPN repreſents the great 
Circle paſſing thro* both Places. 

In the Triangle LPS, there 1s given the Side SP, 
tie Complement of the Latitude of Cape Horn 322? 
67 © che Side LS the Latitude of Barbudos, with 900 
83 added 97 O0“; and the contained Angle LSP 108, 

te Difference of Longitude; or rather the oppoſite 
95152 Triangle SPT, in which is given the Side SP 329 060, 
0300 the Side ST the Complement of SL to 1809, and the 
angle PST the Complement of the Difference of Lon- 
9 j #rude to 1809, to find the Side PT, whoſe Compl. 

© 180 is LP required. N 
0 00 Having let fall che Perpendicular Pe; in the right- 
angled Triangle c PS there is given PS 329 06/, and 
ne Angle PS c 72, to find S c. Thus, 


As Radius to cs. of PS c 729 


489982 
To t. of PS 32% 060 39 


9.797474 


— — 


To t. of the fourth Arch S c 10 58/ 9.287456 


4 5 hich ſubtracted from ST 8 3?, there remains 
Tc 729 O. Then, 
| Po As 


4 


= - — — , — —— B —— 
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As the cs. of the fourth Arch S c 109 687 0.008004 
Is to cs. of the refidual Arch Tc 722 O 9.489204 
So cs. of the leſſer Side PS 320 060 9.927946 


To the cs. of PT 74 34 9.425154 


Or thus, 
The Log. Sine of 329 06/ the leſſer Side 9.7254204 
The Log. Sine of 97 the greater Side 9.996750) 


The Long. Sine of 542? (half the Ang. 
Jeubled ch a 2 19.815915 
The Log. of 2 0. 3010300 


The natural Sine againſt 9.8391 163 
Is = 6904231 
Add 5758006 


54% the diff. of the Legs. 
7337763 = the Arithmetical Complement. 


— | * | . 3 
12662237 ! = the natural verfed Sine of 649 


Which is the natural verſed Sine of 74 34/, whoſe 
Complement to 1809 is 105? 267 the Diſtance ſought, 


CHAF 
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CHAP. VII 
pherical Trigonometry applied in Aſtro- 


nomical Problems. 


PROBLEM I. 


lle Sun's Place, and greateſt Declination being: 


given; to find the reſent Declination. 


Definition. 


H E Declination of the Sun, or of a Star, is 
a Part, of the Meridian intercepted between the 
quinoCtial Circle, and the Center of the Sun or Star. 
In the Triangle A B n (in the following Figure) we 
ne given, the Angle B A n the Obliquity of the 
uiptick 230 29/, and A n the Diſtance of the Sun 
m 4p 609; to find u. 


is Radius to the Diftance of the Sun ; 
from 60 O0 0 9.93753 


His the Sine of the greateſt Declina- 


tion 230 290 | 9.60070: 


—— 


lo Sine of the preſent Declinat. 200 12/ 9.53823 


Xe; That the Sun's Diſtance is always counted 
m the neareſt of the Equinoctial Points Y or ; 
tore if the Sun be in the Northern Signs „ 8 
u, or in the Southern Signs , =, or X, his 
Rnce is counted from . But if his Place be i in 
Northern Signs , K, or m, or in the Southern 
o, m, or E, it is reckoned from . 


A a 2 Pp R O- 


L —MU woman, wy. — 


— 
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PR O BEE M-: H. 


The Sun being entering into Gemini, what i; j 
right Aſcenſion ? 


Definition. 


The right Aſcenſion is an Arch of the Equinoctia i 
tercepted between the Point Aries and the Meridian th 
paſſes thro? the Center of the Sun or Star. 

In the Triangle AB n, we have A u the Sun's Di 
tance from Y 60, and the Angle BA u 232 29; 
find the Side AB. 


— 


As ct. of A HU 60 
To Radius 
Jo is cs. of 23? 29 


To t. of AB 57? 49 
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Or thus, 


Radius to t. of the Sun's Diſtance 
ger mn Y 602? | : | c 10.238561 


80 is cs. of the greateſt —— 


96 
13 200 9.962453 


—— 


To t. of right Aſcenſion AB 57 49/ 10.201014 


PROBLEM II. 


If the Sun's Declination be 120 zol, what is the 


Sun's Place, or Longitude from Y; and what 
his right Aſcenſion ? 


In the right-angled Triangle ADC, there 1s given 
tie Side DC the Preſent Declination, and the Angle 
DAC the greateſt Declination; to find AC the Sun's 
Diſtance from , and alſo his right Aſcenſion AD. 


Ass. of the greateſt Declination 230 29/ 9.60070 
is ro the s. of the preſent Declinat. 12? 3o' 9.33534 
% is Radius 10. 

Tos. of the Sun's Diſtance from v 3262“ 1 73464 
So the Sun is 20 52“ in 8. 


As Radius to ct. of reateſt eclination 
83 8 2 10. 36204 
2 3 29 . 
Pot. 0! the preſent Declination 120 304 9.34575 


To - of right Aſcenſion AD 30? 41' 9.70779 


It the Sun's Declination be North, and increaſing, 
is Proportion finds the Sun's Diſtance from Aries; 
f & ecreaſing, fiom Libra in Northern Signs, & con- 
lia, | 


A4 3 P R O- 


- — —— — 


——— — — — — 
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PROBLEM IV. 


The Latitude of a Place, and the Sun's Decling. 
nation being given, to find the Aſcenſional Þif. 
. ference, and Amplitude. | 


EXAMPLE. 


In the Latitude 51® 32/, the Sun's Declination being 
15? 29/ what is the Aſcenſional Difference, and Am- 
plitude? | | 

Defin. 1. The Latitude of a Place upon Earth, is an 
Arch of the Meridian of that Place, contained between 
the Zenith and the Equinoctial, as ZM; equal to tli 
Height of the Pole above tne Horizon, as OP. 

2. The Aſcenſional Difference, is the Difference be. 
tween the right and oblique Aſcenſion or Deſcenſion; 
or it is the Space of Time the Sun riſes or ſets before cr 
after ſix a-Clock. 
Aſcenſion ; | 
Deſcenſion) is an Arch of the Equi. 
noctial, between the beginning of , and that part 
of the Equinoctial that {IE Þ with the Center 

of the Sun, or Star, or with any Point of the Eclip- 
tick, in an oblique Sphere. 

4. The Amplitude is an Arch of the Horizon, con- 
tained between the Ecliptick and the Equinoctial, and 
ſhews how far the Sun riſes or ſets from the Eaſt or] 
Weſt Points of the Horizon. 

In the Triangle APQ right-angled at P, there 1 
given the Angle PAQ 38 28/ the Complement of the 
Latitude, and PQ the Sun's Declination ; to find Af 
the Aſcenſional Difference, and AQ the Amp" 
rude, | 


3. Oblique 
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Rad. to ct. of PA 82 287 Comp. 
My ; 2 5 2382 P | 10.09991 


So is t. of PQ 15 29/ the Declination 9.44249 


To s. of AP the Aſcenſional Diff. 200 24/ g. 54240 


Which reduced to Time makes 1 hour 214 min. and 
ſo much the Sun riſes before Six, and ſets after Six at 
Night if the Declination be North, as is ſuppoſed in 
this Example; ſo the Sun riſes at 38+ min. after 4, and 
ſets 2 14 min. after 7. 

If the Sun's ſetting be doubled, it gives the Length 
of the Day; and the Sun's riſing doubled gives the 
Length of the Night. 


As s. PAQ 38? 28“ the Comp. of the Lat. 9.7938 3 
To s. PQ 15® 29/ the Declination 9.42644 
So is Radius 10. 


— — 


To s. of the Amplitude AQ 25 25% 9.63261 


And ſo many Degrees the Sun riſes Northerly from 
the Eaſt, and ſets ſo much from the Weſt. 


PROBLEM V. 


ſt or] To find the obligue Aſcenſion or Deſcenſion. 


Firſt, Find the right Aſcenſion, by the ſecond Pro- 
blem; and the Aſcenſional Difference by the laſt. 
Secondly, If the Sun's Declination be Northerly, the 
Aſcenſional Difference ſubtracted from the right Aſcen- 
lion, leaves the oblique Aſcenſion; and added to the 
ght Aſcenſion, gives the oblique Deſcenſion 


A a 4 Thirdly, 


the time from Six. Then, 


—— — — — — —_ 
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* hirdly, It the Sun's Declination be Southerly, the 
Aſcenſional Difference added to the right Aſcenſion, 


gives the oblique Aſcenſion; and ſubtracted therefrom, 
leaves the oblique Deſcenſion. 


—— — 


PROBLEM VI. 


The Latitude of the Place and Declination of th! 


Sun being given, to find at what time the N will 
be due Eaſt or Weſt. 


EXAMPLE. 


In the Latitude 319 32“, and Sun's Declination 
152 29/ North, to find at what time the Sun will be du: 
Eaſt or Welt. | 

In the right-angled Triangle A 5 a in the former 
Figure, there is given the Side a b 15? 29", and the 
oppolite Angle a A þ 51? 32/; to find the Side 5 A 


As Radius to ct of. Ab 51 32! the Lat. 9.90009 
So t. of 45 15? 29/ the Declination 9 44249 


— —᷑‚——ĩ—— 


To s. 5 A 122? 43 “/ the time from Six 9.342; 


Which being reduced to Time, makes 51 min. ei! 
which added to 6, gives 6 h. 31 m. at which time the 
Sun comes to the Eaſt, and wing ſubtracted from b, 


the remainder is 5 h, 9 M. at which time the Sun is dur 
Weſt. 


PRO 
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PROBLEM VII. 


The Latitude of the Place, and Sun's Declination 
being given, to find the Sun's Altitude, being due 
Eaſt or Weſt, 


EAA M:FP-L E. 


In the Latitude 51? 32/, and Declination 15? 29/ 
1 North, to find the Sun's Altitude, being due Eaſt or 
Weſt. 

In the right-angled Triangle A h a in the former 
Figure, there is given the Side a þ 15? 29, and the 
oppoſite Angle aA h 51? 32/, to find the Hypothe- 


jon nuſe a A. * hen, 
due 

As s. of a A 5 5129 32 the Latitude 9.89374 
mer To Radius 10. 
the So s. of ab 15? 29/ the Declination 9.42644 
A ee, 
| Jo s. of a A 199 5 6/ the Sun's Altitude 

at Eaſt or Welt 'S 953279 

009 
291 — 


PROBLEM VII 


fer i 7% Latitude of the Place, and the Sun's Declina- 
e the Wil bon being given, t9 find his Altitude at Six of 
m b, the Clock, | 


E A AM P-L-E. 


In the 8 310 32/, and Declination 15 297, to 
ind the Sun's Altitude at Six. 

in the right-angled Triangle A 4 b, in the follow. 
ng Figure, there is given the Hypothenuſe Aa 15 


| vi and the Angle b A a 51 32% to find the Side 4 b. 
N ()- | Ac 


—— — — — — _ 
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As Radius 10. 
To s. A à 15 20 9.42644 
So s. 4 Ab 51 32/ 9.89374 


To s. a6 12% O4 9.32010 


So the Altitude of the Sun at Six is 129 O40. 


PROBLEM IX. 
The Latitude of the Place, and Sun's Declinatim 
being given, to find his Azimuth at Six. 


EXAMPLE. 
In the Latitude 51® 32/, and Declination 15* 29 
North, to find the Sun's Azimuth at Six. | ö 
| 13 


— — — — — — 


* 
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In the right-angled Triangle A 5 a, there is given the 
Hypothenuſe A à the Sun's Declination, and the 
Angle a A 319 323 to find the Side A b. 


: 

, As Radius to the t. of A à 152 29/ the | 

g Declination. 5 944249 
do cs. of a A 51 327 9.79383 


To t. of A 3 90 35ʃ, the Azimuth from 
the Eaſt 9.23632 


— F 


PROBLEM X. 


The Latitude of the Place, the Sun's Altitude, and 
Declination being given, to find his Azimuth. 


PX A MEL: K:-x: 


In the Latitude 51? g2' North, the Declination 230 
zo! North, and the Altitude 44 40% to find the Sun's 
Azimuth. 

In the oblique-angled Triangle DPZ, there are given, 
the three Sides ZP 389 28, the Complement of the 
Latitude DP 669 30 the Complement of the Declina- 
tion, or the Sun's Diſtance from the elevated Pole, and 
DZ 45 20/ the Complement of the Altitude; to find 
ne Angle DZ, the Sun's Azimuth from the North. 


by the firſt Proportion demonſtrated, Page 76, 77, 


11101 | DZ 45 20/) DPopp. to Z—669 300%, the half is 330150 
er 38 28 | The half Diff. add and ſubtract 3 26 


— — —— — — 


Diff. 6 52 Sum 36 41 


Half 3 26 Diff. 29 49 
"= 


> 29 


Jn} 


. 0 ͤmg ere roy. 


—y——— 2 c AE 
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DZ 45 200 ; Sine O. 14900 

230 28 comp Arith. 3 Sine 0.206168 

| The Sum 36? 41, Sine 9.776259 

| The Diff. 29® 497 Sine 9.696554 

| The Sum 1 9.82698, 

' The half Sum is the Sine of 55® o1/ 9:91 3492 
| 1 


| Doubled is = 110 02 = the Angle 2, 
= which is the Azimuth from the North part of the 
1 Meridian. 


E N A Mp I. E 2. 


| In the Latitude 319 32“ North, the Sun's Declina- 
| tion 15? 3o' South, and the Sun's Altitude 152 400; 
to find the Azimuth from the North. 

W || In the Triangle © P Z, there is given PZ 289 28, 
=! O Z 74? 20/, and © P 105? 30% the Sun's Diftance 
F from the North Pole; to find the Angle © Z P. 


By the ſecond Proportion demonſtrated, Page 79. 


PZ 389 28' J ©Z 74 30! Ar. Com. 0.016442 
N OZ 74 20 | PZ 389 28' Ar. Com. 0.206168 
Baſe OP 10; 30 | Half Sum 1099 9/ Sine 9.975277 
| — — Diff. 3* 397 Sine 8.803876 
Sum 218 48-5 „„ 
* 19.001763 
Half 109 9 — — 
———— | -SumistheS.of 1828“ 9.500881 
Wich doubl. is 36 56 


— N n — 2577 gent 


Which 26* 56“ 1s the Azimuth from the South; and 
4 the Complement to 180% is the Azimuth from the WM 
North 143* 04/ 


5 2 p 8 
— * r . 
. 


E X A M. 
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EXAMPLE z. 


In the Latitude 31“ 32“ South, the Sun's Declination 
23* 3o' South, and his Altitude 44* 4o'; to find his 


| Azimuth from the South. 
f In the Triangle DZ, in the former Figure, let P 
2 repreſent the South Pole; then there is given PZ 385 


28' the Complement of the Latitude, DZ 45* 200 the 
Complement of the Altitude, and DP 66* 3o/ the Sun's 
e Diſtance from the elevated Pole; to find PZ D, the 
Sun's Azimuth from the South. 
The Operation in this will be the ſame as in the firſt 
3 Example, and the Azimuth from the South will be 
110% 02/, the ſame as before. 


D 


EXAMPLE 4: | 


In the Latitude 31 32“ South, the Sun's Deciination || 
15* 20! North, and his Altitude 15* 40; to find the 
Azimuth from the South, | 

In 'the Triangle © ZP, let P repreſent the South 
Pole; then there is given PZ 38 28', ©Z 74* 20, 
and © P 105? zo, and © ZP required. 

The Operation is the fame with the ſecond Example, 
and the Azimuth from the South will be 143? 04/, the 
ame as in that, 


| 
: 
N 
. 
ö 


9 


Oe —— — 


If the Sun be in the Equinoctial, you may find the 
Azimuth by the following Proportion. In the Triangle 
CZ, A is the Latitude, and CZ the Complement 
of the Sun's Altitude; therefore it will be, 

As Radius to t. of the Lat. EZ; fo t. of the Alti- 
tude, to cs. of EC, the Azimuth from the South. | 


M. P R O- 


22 5 
= — — — — 
r — — 
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PROBLEM NI. 


The Latitude of the Place, the Sun's Declinaticn 
and Altitude being given; to find the Hour of 
the Day. 


EXAMPLE: 1. 


In the Latitude 31 32/ North, the Sun's Declina- 
tion 23® 3o' North, and his Altitude 44 40/; to find 
the Hour from Noon. 

In the Triangle DZP, in the former Figure, there is 
given PZ 380 28', DZ 45 20ʃ, and DP 66? 30“; and 
DPZ the Hour from Noon required. The Work, 


DP 66? 3000 DZ opp. to P=45® 200, the + is 220 40 
28 The + Diff. add and ſubtract 14 OI 


Diff. 28 02 4 The Sum 36 41 
— a The Diff. 8 39 ; 
Half 1401 e 
DP 669 


39/7 5 Sine 0.037608 
PZ 38 28 The Arith. Comp. of Line e 294" 


The Sum 369 410 Sine 9.776239 
The Diff. 89 39“ 9.177242 i 


The Sum 19.197277 | 


The half Sum is the Sine of 239 23 : 9.598638 q 


Which doubled is 46 46=the Ang. DPZ. | 


Which in time is 3 Hours 7 Minutes from Noon. 


E X A M- 


Chap. 7. Aftronomical Problems. 367 


EX A NP IL. E . 


In the Latitude 512 32, the Sun's Declination 159 
300 South, and his Altitude 1500; to find the Hour from 
Noon. 

In the Triangle © Z, in the former Figure, is given 
PZ 38 28!, O Z. 74 200, and O P 105 307; and 
0 PZ the Hour from Noon is required. 8 


oP 105? 30] ©Proz? 3o' Sine Ar. Com. 0.016089 
PL 38 28| PZ 38 28 Sine Ar. Com. 0.206168 
Baſe 74 20 | Half Sum 109? og' Sine 9.975277 

Diff. 34 49 Sine 9.756600 
Sum 218 18 f — 


Sum 19.954134 


The 2 S. is the s. of 71? 33! 9.977067 
Diff. 34 49.) Whoſe Compl. is 18 27 


Half 109 og 


Which doubled is 36 54 An. ©PZ 


MW VWhichin Time is 2 hours 27 min. 36 ſeconds from 
1 Noon. | 


PR OB L E M XI. 


The Latitude of the Place, the Sun's Declination, 
and the Hour of the Day given, to find the Sun's 
Altitude. 5 Fo 


In the Latitude 319 32“ North, the Sun's Declina- 
lon 230 3o/, and the Time Afternoon 3 h. 7 min. equal 
70 469 46" | 


I 


I 


—— ͤ— —— — 


N = | 
' \ \ \ 9 
— 8 — 
— — — _— —ê — —ę— qo OTST % _ 
7 — * A þ po Vs rot 
: 


4 
— ——wů— - 


ns _ — 
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* 
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I ſhall here make uſe of Mr. Collins's Proportion men- 


tion'd in Caſe 9. of oblique-angled ſpherical Triangles, 
See an Example, Page 146. 


The Compl. Lat. 38* 28/ Sine 9.793831) 
The Comp. of Declin. 66? zo Sine 9.962 3978 
Log. of 2 0. 3010500 
The fixed Logarithm 20.05725095 

Log. Sine of 23* 22 (half the hour) 
doubled add c 19 19% 3304 


The natural Sine againſt it is 1796607 39.2 545799 

The Summer Meridian Alt. is 61“ 687 8826 
its nat. s. | 5 N 
From which ſubtract 1796607 


* 


Remains 7030130 


Which Remainder is the natural Sine of 44* 40%, the 
Summer Altitude for th: Hour and Minute propoſed. 
The Winter Meridian Alt. is 14* 68“, og 

and 1ts natural Sine 0 N 
i Subtract the ſormer Diff. 1796607 


4 32, the Winter Altitude 


Remains the natural Sine of Rem. 791383 
tor the h. and min. propoſcd. g 


PRO-| 


— — — —ůé— — — — ——_— —— — — — Ep. ——_ 
— - 
_— — — — — —— 
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PROBLEM XII 


The Latitude of the Place, the Sun's Declination 
and the Hour given, to find the Sun's Azimuth. 


EXAMPLE. 


In the Latitude 519 32/ North, the Sun's Declinati- 
on 152 301 South, and the time from Noon 2 h. 27? 
1G equal to 36® 64%, to find the Sun's Azimuth. 

in the Triangle © PZ (in the former Figure,) there 
ire given the two Sides PZ 382 28/, and O P 105? 30ʃ, 
nd the contained Angle © PZ 426? 54/, ro find the 
Angle © ZP. 


oP 1059 30 
FE 48 20 


— — — — 


sum 143 58 half Sum g 715 18 360 54 


Diff. 67 o2 half Diff. 233 31 Jhalf 18 27 

As s. of the half Sum of the Sides 71? 697 0.021835 
607 ros. of half their Diff. 33 31 9g.742080 
So ct. of half the cont. Ang. 18 27 10.476741 


Tot. of half the Diff. of the * 10 a FO 


Angles 600 700 


As cs. of half the Sum of the Sides 710 59! 0.509629 
To cs. of half their Difference 33 31 9.921023 
So ct. of half the contained Ang, 18 27 10.476741 


To t. of half the Sum of the oppolite 


Angles 829 57! : 10.997 393 


9 B b The 


— - 


| 

| 

[ 

1 

| 

1 
1 


— 
——ů——— ˖ — ßr— 0 


— 
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The 2 Sum of the opp. Angles 822 ;7/ 
The + Diff, add 60 07 


The Sum 143 04=9ZD required 


PROBLEM XIII. 


The Latitude of the Place, the Sun's Altitude, and 
Azimuth given; to find the Hour. 


EX AM PL E. 


— 


In the Latitude 51? 32/, the Sun's Altitude 44® 40, 
and his Azimuth from the North 1109 O27; to find 
the Hour from Noon. 

In the Triangle DZ, there are given the two Sides 
DZ 45® 20', the Compi. of the Altitude ZP 382 28, 
and the contained Augle DZ P 110 021; and the op- 


pofite Angle required. 
DZ 920 
PZ 38 28 


Sum $2 48+ Sum=u41® 54'. DZP 1109 02/ 
Diff. 6 52 + Diff. =- 2 1 55 01 


As s. of the half Sum of the Sides 41? 54! 0.17533 
To s. of half their Diff. 3 26 8.7713} 
So ct. of half the Angle DZP £55 ox 9.84495 


To t. of half the Diff. of the oppplitey 8.797% 
Avg 7" 25 5 


7533 
17135 
4495 


79701 
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Ascs. of the Salf Sum of the Sides 41® 54“ , 0.128245 
To cs. of half their Diff. 3.26 9.999220 


So ct. of half the Angle DZP 55 01 9.844958 
To t. of -- the Sum of the opp. Angles : 


43? I 17 0 9972423 
The half Diff. add 03 35 


The Sum 46 46 = Ang. DPZ 


So the Time from Noon is 3 h. 07 min. 


PROBLEM XIV. 


| The Latitude and Longitude of @ fixed Star being 


given, to find the right Aſcenſion and Declina- 


Hon. 
E X AMP L. E. 


The Longitude of Pollux is 199 14 of Cancer, and 
his Latitude 6? 40 North; to find his right Aſcen- 
lon and Declination. OY 
In the oblique-angled Triangle SPE, there are given 
the two Sides PE. 232 30ʃ, the diſtance between the 
Pole of the Equinoctial, and the Pole of the Ecliptick ; 
E39 20, the Complement of the Star's Latitude; 
and the contained Angle 19 14/, the Longitude from 
Concer ; to find the Angle SPE, the Complement to 
180 of the right Aſcenſion from Cancer, and the Side 
WP, the Complement of Declination. 

SE $2% 207 © 

PE 23 30 


Sum 106 50 4 Sum 330 25/ 1 The Angle SEP 190 14 
+ Diff. 29 55 The half 9 37 


Diff. 59 50 


B b 2 = As 
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Aſcenſion from Cancer; to which add 909 the right 


4 ö 
AI — r 
6 7 x 
J 515 "a. | ? 


As s. of half the Sum of the Sides 53® 25! 0.095289 
To s. of half their Diff. 29 55 9.697874 
So ct. of half the Angle SEP 9 37 10.770993 


To t. of half the Diff, of the oppoſite 
Angles 740 44 ; 10.564150 


As cs. of + the Sum of the Sides 330 25! 0.224760 
To cs. of their Diff. 2955 9.937895 
So ct. of i the Angle SEP 9 37 10.770993 


To t. of - the Sum of the oppoſite 
Angles 89” 22 5 
The half Diff. add 74 44 


10.933040 


Sum 158 05 = the Angle SPE; 
Whoſe Complement to 180 is 219 55, the right 


Aſcen- 


* VR 7 8 Waun 


1 
* l 
— — 
: 
f 1 
- 
; 
: 
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Aſcenſion of Cancer, the Sum is 1119655, the right 
Aſcenſion from Aries. 


For the Declination. 
As s. of SPE 158 Os! (or 24® 56!) 0.427991 
To s. of SE 83* 20! the Comp. of Lat. 9.997093 
50 s. of SEP 19 14 the Long. from s 9.517745 


To s. of SP 61 14 the Comp. of Declin. 9942709 
Whoſe Complement 287 46/ is the Declination 
Northerly. 


- x0 — — 8 * 


PROBLEM XV. 


The right Aſcenſion and Declination of a fixed Star 
being given; to find the een and Latitude 
thereof. 


E X AM P IL. E. 


The right Aſcenſion of Pollux being 1115 55“, and 
lis Declination 28 46 North ; to find his Longitude 
and Latitude. 

lu the oblique Triangle SPE, there are given the 
760 Wo Sides PE. 23 2 o', Sb 615 14, and the contained 
7895 angle SPE 158 05! ; to find the Angle SEP, and the 
2995 Withirc Side SE. 


5D 61 O 140 
£ 30 


1 84 44 the : Sum 422 220 Ang. SPE 158? 050 


Pi, 37 44 2 Diff. 18 1 The half 79 o2+5 


Aſcen- B b 3 As 
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As s. of + the Sum of the Sides 429 227 0.171422 
Tos. of + their Diff. 18 52 9.509696 
So ct. of : the Angle SPE 79 02/- 9.280963 
To t. of the Diff. of the opp. Ang. 519 8.968091 


—— ͤp—u——4— 
—— — 


As cs. of : the Sum of the Sides 420 221 O. 131443 
1 — 8 ) 2 
To cs. of -- their Diff. 18 52 9.976017 
So ct. of + the contained Ang SPE 79 02+ 9.286963 


——— > oy 


To t. of 5 the Sum of the opp. Ang. 13 55 9.394423 


The half Diff. add 5 19 
The Sum 19 - 14==SEP: the 
Long. from 
To find the Latitude, 8 


As s. SEP 199 15 the Long. from Cancer 0.48225; 


To s. SP 619 14 the Comp. of Declination 9.942795 


So s. SPE 158 00g the Comp. of right Aſcen. 9.572009 


To s. SE 83® 20' the Comp. of the Lat. 9.997059 
Hence the Latitude is 6? 40“ North. 


© ate — 


w * — — 


— — — _ ———— 


PROBLEM XVI. 


Me Diſtance of a Planet, Comet, or mew Star, 
from two known fixed Stars, being given; t0 
find the unknown Star's Longitude and Latin, 


EXAMPLE. 


The unknown Star's Diſtance from the Swan's Beal 
is 490 Ogi, and from Perſeus's Side $882 5% ; to find the 
Longitude and Latitude thereof. 


Long. 


of the Swan's Beak yp 270 O7 49 O2 N 
Lon. | of Perſeus's Side x 27 43 . 30 09 N 


1. In the Triangle ADF, there are given two Sides 
AE 40? 380, the Comp. of the Latitude of the Swan's 
eat; DE 59® 51', the Comp. Lat. of Perſeus's Side; 
2nd the contained Angle AED 1209 2%, the Difference 
of Longitude between the two Stars; 'the Angle DAE, 
aud che Side AD required. 


DE 592? 517 
AE. 40 58 


100 9 49 half Sum 50® . AED 120° 36 


* 53 half Diff. 9 262 Dhalf 60 18 
4s s. of the à Sum of the Sides 50? = = o. r 13168 
To s. of 2 their Diff. 9.214958 
Go ct. of - 2 the Angle AED bo 1 9.756172 


| 
| 


To t. of + Diff. of opp. Angles 6 55 9.084298 


As cs. of 2 Sum 50? 24/4 0.195648 
To cs. of 2 Diff. 9 26 + 9.994077 
80 Ct. Of i the Ang. 60 18 | 9. 756172 
lot. of : the Sum 41 26 9. 945897 


Half Diff. add 6 55 


Ine Ang. DAE 48 21 


— 


%s, DAE r wo 0.126552 
los DE 59 51 9.930872 
Ss. AED 120 36 . 9.934873 
Tos, AD 840 66 9.998297 


B b 4 2. In 


2 — 
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2. In the Triangle ADB, there are given the thre 
Sides, AD 84* 567, the Diſtance between the two 
known Stars; AB 49* g the unknown Star's Þil- 
tance from Perſeus's Side; and the Angle DAB required. 


AB 49 os AB 49 05 s. Ar. C. 0.121672 


BD 88 57 Sum 111 29 8. | 9.908720 
SE AMIS 22 2 8 9.532449 

Sum 222 58 . TR” 
„3555 Sum 19.675352 
x Sum 111 29 —— 
— [Co- ſine of 367 jo; Sum 9.8377 


Diff. 22 32) 


Which being doubled makes 93* o, the Auge 
DAB; which being added to the Angle DAF, 
Sum is the Angle BAE 14121 
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z. In the Triangle ABE, there are given the two 
Sides AE 40? 58', AB 499 os, and the contained 
Angle BAE 141* 21', and the Angle AEB, the Diffe- 
rence of Longitude between the unknown Star and the 
wan; Bear; the Side BE, the Complement of the 
unk now. 5:4r*s Latitude, is required. 


| 20 
AB 4 4 
g 


_—y -' 
E 5 
＋ 2 


CJ 


Vn 5 


— 


dum 90 03 + Sum 45 012 88 BAE 1419 21 


Diff, 8 07 + Diff. 4 03+ © half 70 402 

As s. of the half Sum of the Sides 451 f 0.150326 
Tos. of half their Diff. 4 03 + 8.849861 
So ct. of half the Angle BAE 50 40 9.544917 


To t. of the Diff. of opp. Angles 20 on! 8.545 104 


hre 

[WO 

Dis cs. of the half Sum of the Sides 459 01 0.150704 

ice Wa to cs. of the half Diff. 4 03+ 9.998910, 
So ct. of half the Angle BAE. 70 40 * 9.544917 

170! AC 

10% Wl Tot. of: the Diff. of opp. Augles 260 20! 9.694531 

0720 The half Diff. add _ 2 Ol 7 

3449 — 

1 Sum 28 21= the Ang. 

550 | AEB. | 

770 Which added to the Longitude of the Swan's Beat, 


27% Oy, makes the unknown Star's Longitude to 
be æ 25 28 


.AS$ 


tance from the Pole; and OA the Diſtance between the 
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As s. AEB 2821 0.32343 
Tos. of AB 49 o5 | 9.878319 
So s. of BAE 141 210 9.79557; 


To s. of BE 832 40 9-997 31 


Whoſe Complement 69 29/ Is the unknown Star's 
Latitude Northerly. 


PROBLEM: XV. 


The Meridian Altitude of an unknown Stor «© 
Planet, and the Diſtance from a known fixed Ste 
being given; to find the unknaon Star's Lali. 
tude and Longitude, 


EXAMPLE. 


In the Latitude 319 320 North, the Meridian Alti 
tude of an unknown Sear 4 is 752 49), and his Diſtance 
from the right Shoulder of Orion 549 3o/; to find 
his Longitude and Latitude. 

It you ſubtract the Complement of the Latitude 
389 28“ from 752? 49%, the Star's Meridian Altitude, 
there will remain 379 217, the Star's Declination 
North. 

In the Triangle AOP, there are given the three 
Sides, OP 829 39!, the unknown Star's Diftance from 
the North Pole; AP 522 39, the unknown Star's Dit- 


two Stars; the Angle APO required, being the Dit- 
terence of right Aſcenſion of the two Stars. 


- tu. - 


"3 "i er — 


ny — 
— — + - ce —ͤ—’ . qÄ7e f — — * 


: 
| 
' 


 '———— —————— — ————_ 


111 


OP 822 390 
AP 52 39 
OA 
li ea 
MCs dum 8 8 
find ti by 


Sum 94 54. 


de 
Ude, 
lion 


ff. 40 24 


three 
From 
Dit 
n the 
Dit- 


Or 


— 2 


Ag * * 


5 CR 
— — 


— — 


Half Sum 94 54 Sine 9.998410 
40 24 vine 9.811055 


Co-ſine of 255 10! 3 Sum 9.956655 


Doubled is 50 20=the Angie APO 


Which ſubtracted from 84® 63“ the right Aſcenſion 
Orion's Shoulder (becauſe the Star was Weſtward 
om Orion) there will remain 34® 33“ the right Aſcen- 
on of the unknown Star. 

Then having the unknown Star's right Aſcenſion 
d Declination, - you may find his Longitude and 
tude by Problem the 1 5th. 


Ar. Com. 0.003583 
Ar. Com. 0.099663 


— — — 


Sum 19.913311 


P R O- 


Comp. of the Stat”s Altitude; AP 74 O5, the Com. 
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PROBLEM XVIII. 


Having the Latitude of a Place, the Sun's rig; 
Aſcenſion, and the Altitude of a known fixed 
Star; to find the Hour of the Night. 


E X A MFI. E. 


In the Latitude 31“ 32“ the Sun's right A ſcenſion 
2287 45% and the Altitude of Aldebaran, or the Sou. 
thern Eye of the Bull, 32 gol, to the Eaſtward of ue 
Meridian; to find the Hour of the Night. 

The right Aſcenſion of Aldel aran is 64˙ 51), ant 
Declination 15* 550%. 

In the Triangle APZ, there are given the three Sides, 
PZ 38* 28/, the Comp. of the Lat. AZ 87 30ʃ, th: 


plement of his Declination ; to find the Angle APZ 


the Difference of right Aſcenſion between the M-diun 
Cali and Aldebaran. 


sf 
NN on 
/ 1 -N 
©: 4 „ 
. N. - \ 
- 93 . PL / INS \ 
/ was * *% 5 / Fo” 
f * =, 1 5 . _m_ \ 
AN / | 
op | > 
Hi 2 F o 0 
1 / * W ö 
\ / 5 
0 / % 


l. 
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AP 74 05 Sine Ar. Com. d. 016978 
ZP 3828 Sine Ar. Com. 0.206168 
AZ 57 3o + Sum 859 011 + Sine 9.998 360 
—— Dif. 27 31 + Sine 9.664769 

Sum 170 03 — 
6 19.886275 


dum 85 012 


Co- ſine of 28˙ 41' 9.943137 


Diff. 27 312 


if 289 41/ be doubled, it makes 57* 22/, the Angle 
*PZ; which being ſubtracted from 64® 51, the right 
Aſcenſion of Aldebaran, there remains 70 29/, the right 
Aſcenſion of Medium Ceili. Add 360 to 7 29/, and 
from the Sum ſubtract the right Aſcenſion of the Sum 
:28* 45!, the remainder is 138* 44, which reduced 
to Time makes 9 hours 15 min. fere, the hour of the 
Night. | 


PROBLEM XIX. 


The Elevation of the Pole, and the Declination of 
the Sun being given; to find the juſt quantity 
of Twihght. | 


EXAMPLE. 


in the Latitude 51* 32/, and Declination of the Sun 
11* 30, North, what time is it break of Day? = 

In the Triangle © PZ, there is given ZP the Com- 
plement of the Latitude, OP the Complement of the 
dun's Declination, and © Z which is go? with 182 ad- 
ded, (18 deg. being the Depreſſion the Sun is reck- 
oned to have below the Horizon when Day-light firſt 
o all breaks forth 3) to find the Angle O PZ: 


ZP 


3 1 


. '# 
RS 
N : 
LP 38 267 Sine Ar. Com. 0.206161 
OP 78 30 Sine Ar. Com. 0.008807 
OZ 108 004 Sum 1122 29/ Sine 9.965663] f 
— Diff. 4 29 Sine 8.89 30350 t 
Sum 224 58 — : 


3 19.07 3678 
2 Sum 112 29 — 


- Co-line of 699 52/ + Sum 9.3689 
Diff. 4 29 CG 
— Doubled is 139 44=the Ang. O P. 


Which reduced into Time makes g hours 19 min, 
Ferè, which is the time of Twilight ending when the 
Sun enters & in the Latitude 519 32! North. And 
ſubtracting 9 h. 19/ from 12 h. there will remall 

2 h. 41' the time of Day-breaking. | 

It the Sun have South Declination, then 182 tht 
Sun's Depreſſion below the Horizon muſt be ſub⸗ 
tracted from 90, and the remainder will be the Suns 

Diſtance from the Nadir. | 1 
* 
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Thus if the Sun be entring Scorpio, and ſo have 
11* 30 South Declination; then in the Triangle 
}SN, we ſhall have the three Sides SN 38* 28/, the 
Complement of Latitude; BS the Sun's Diſtance from 
the South Pole, or Complement of his Declination 
and BN 722 oO the Sun's Diſtance from the Nadir 
given; to find the Angle BSN. 


SN 38˙28“ Sine Ar. Com. 0.206168 
SB 78 30 Sine Ar. Com. 0.008807 
BN 72 00+ Sum 94? 29/ Sine 9.582534 
— Dif. 22 29 Sine 9.582534. 
Sum 188 58 — 
19.796178 
Sum 94 29 _ 25 
Co- ſine of 37 444 9. 898089 
Diff. 22 29 


Doubled is 75 28= the Ang. BSN. 


Which reduced into Time, makes 5 h. 2 min. fere, 
for the time of Day-breaking in the Morning; and 
being ſubtracted from 12 h. there remains 6 h. 58 
min. for the end of Twilight in the Evening. 
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P'R-O:B-L EM XX. 


The Latitude of a Place, the Sun's place in th: 
Echptick, and the Time of the Day given; 15 
find what Point ef the Echptick culminates in 
the Meridian, the higheſt Point in the Bclip. 
tick (called the Nonageſima Degree, cr goth 
Degree of the Fchifeick) the Diſiance of each if 
theſe from the Vertex, and the Parallafick An. 
gle, or Angle which the Verticle Circle mates 
With the Echptich. 


EXAMPLE F. 


In the Latitude 319 32/, the Sun's Place n 0.00, 
and the Hour 9 in the Morning, being given ; tv find 
the Point of the Ecliptick culminating, the Nonage- 
{ma Degree, and the Parallactick Angle. 


To delineate this Figure. 
Having deſcribed the Primitive Circle repreſenting 
the Ecliptick, and drawn the two Diameter, Ke, 
which is the Equinoctial Colure, and K V the Sol- 
ititial Colure; next draw the Meridian u P £ thro! 
the three Points, n the Sun's place, P the Pole, and 
the oppolite Point to n: this is called the proper 

Meridian. | | 8 
Then draw the Parallel ABED called the Path of 
the Vertex, thus: Find the Sum and Differenèe of the 
Complement of the Latitude 389 28/ and 239 300 the 
Diſtance between the Pole of the Equinoctial P, and 
K the Pole of the Ecliptick; ſo the Sum is 619 58), 
and the Difference is 14968“; ſet the half Tangent 
of 61 58' from K to A, and the half Tangent of 
142 687 from K to E, the middle of that Diſtance l 

the Cer ter. 

Then 


Chap. 7. Afronomical Problems. 38 5 


Then at 45 deg. (or 3 hours) Diſtance (the Time 
from Noon) draw the Meridian CBP, cutting the 
Path of the Vertex in B, and the Ecliptick | in Cand 
in F. 

Thro' u B and . draw the Vertical Circle; and 
thro! K and B draw the Circle of Longitude, to cut 
the Ecliptick in N; and it is done. 

;. C is the Point of the Ecliptick culminating, or 
in the Meridian of the Place, at the given time. 

2. N is the Nonageſima Degree, or higheſt Point 


of the Ecliptick at the ſame time. 

CB, and NB, are their reſpective Diſtances from 
the Vertex of London, at that time. 

4. The Angle Nn B is the Parallactick Angle, or 
W which the Vertical Circle makes with the Eclip- 
„ick, at the ſame time, 


12. 
F 
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Then in the right-angled Triangle P C, 

1. The Angle CP & is the Complement of the 
right Aſcenſion of the Medium Cœli, or the Point of 
the Ecliptick in the Meridian of the Place at the pro- 
poſed Time, and being the Time from Noon (when 
Afternoon, added to the Sun's right Aſcenſion, found 
by Problem 2. but when the propoſed Time is in the 
Forenoon, it is ſubtracted) in this Caſe is 77 11/, the 
Complement of 129 49', found by ſubtracting (the 
Time) 43 from 57? 49, the Sun's right Aſcenſion. 

2. The Side P is the Complement of the Dif 
tance of the Poles of the Ecliptick, and Equinoctia,, 
66 30l. ; 

3. The Side C is the Complement of C ꝙ, the 
Longitude of the Mid-heaven, or the Point of the 
Ecliptick cuiminating in the Meridian at the propoſed 
time. 

4. The Hypothenuſe CP, the Diſtance of the Mid- 
heaven from the next neareſt Pole of the Globe, at the 
ſame time. 


Then to find the Leg C, the Point culminating, 
the Proportion is, 


As Rad. tos P 66 30“ 9.962398 
So t. of the Angle CP & 7559 11/7 10.64.3018 
To t. of C ws 755% 04/ 10.605410 


Whoſe Complement 130 56' is ꝙ C, the place 0 
Medium Cœli in the Ecliptick. 


Then to find the Hy pothenuſe CP; 
As Rad. to cs. of the Ang. CP = 77 111 9.34602; 
So ct. P 668 30˙ 9.638302 


— — —— 


To ct. of the Hypothenuſe CP 84 28' 8.98432 


From 
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From Which take PB the Diſtance of the Pole from 
the Vertex 389 28/, the remainder is BC, the Diſ- 
unce of the Medium Cæli from the Vertex 46 deg. 

Then in the oblique-angled Triangle PBK, there 
re given, the Side PK, the Diſtance of the two Poles 
130 300; the Side PB, the Complement of the Lati- 
rude of the Place 389 28/; and the Angle KPB, the 
Complement of the Medium Cœli to 180, or its Diſ- 
ance from , in this Caſe being 102® 49/ : the Angle 
PKB, the Longitude of Nonageſima Degree from the 
irſt Point of 2s, and the Side KB, the Complement of 
the Nonageſima Degree's Diſtance from the Vertex, 
re required, 


Firſt, For the Angle PKB, it will be thus: 


a 
J. PB 380 287 
* PR 23 30 


Sum 61 58 4 30 59/ The Ang. KPB 1029 49 


{ — — — 
Dif. 14 58 2 is 2 5 29 The half is 51 24 


ss of the half Sum of the Sides 300 59! o. 288371 


18 loss. of half their Dif, 7 29 9.114737 

J So ct. of half the Angle — 51 24 9 SHOTS "Y 
ot of half the Diff. of the oppoſite | 

0 Angles 110 250 F $ 9-305208 

24 

102 | | 

3 G 
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As cs. of half the Sum of the Sides 300 59! o. 066850 


To cs. of half the Diff. 7 29 9.996285 
So ct. of half the Angle KPB 51 24 9.902160 


To t. of half the Sum of the 1 6 
Angles 422 43) J 9905305 
The half Diff. add 11 25 


The Sum isthe Ang. PKB=54 o8, or & N. 
Subtract it from 90 oo 


Remain. is the Nonageſima 5 52 from wv. 


— ͤ —üA uůĩ— — 


That is, the Nenageſima is 5 32 in 8. 
Secondly, To find the Side KB, 


As s. of the Angle PKB. 340087 0.091310 
Tos. of the Side PB 38 -— 28 9.793832 
So 8. of the Angle EEE 1029 490 9.989042 


To s. of the Side R B 48 27 9.874184 


The Diſtance of the Vertex from the Pole of the 
Ecliptick, equal ro which is the Altitude of th 
Nonageſima Degree, whoſe Complement is 41 33 
is NB, its Diſtance fro: in the Vertex. 


Again, in the right. angled Triangle. o NB. 

The Legal N u 245 o8/, the Sun's Diſtance from 
the Nonageſima Degree, tound by ſubtracting v N 35 
52/ from Y u 60 Geg. and the Leg NB, the Diſtance 
of the Nonageſima Degree from the V ertex, found 
as above, 41933 given; the Hypothenuſe 1 B, the 
Sun's Diſtance from the Verte x, and the Paralladtick 
Angle Nu B is required, 


To 
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To find the Parallactick Angle. 


As Radius to s. of N u 24 08˙ 9.611376 
So ct. NB 41 33 10.082428 


—_—— 


To ct. of the Angle N  B 65® 14 9.664004 


Which 65® 14! is the Parallactick Angle at the 


dun. | 


To find the Sun's Diſtance from the Vertex u B. 


As Radius to cs. = N 249 080 9.960250 
So cs. NB 41* 33“ | 9.874120 


To cs. H B 469 55, the Sun's Diſtance | 
210 from the Vertex, _ $ 9 834399 
832 | | 
0428 But to calculate the Parallactick Angle at the Moon, 
rat a Star, that has Latitude from the Ecliptick, 
dil require a little more Labour; as in the next 
problem. x 


> 


. 2 - — WY x AB = 
- — — — — 
; : a 5 — — „ — — —— — ——— 2. — 
— ——— — . 


390 Aſtronomical Problems. Part Il. 


lactick Angle at the Star, and its Diſtance from tie 


PROBLEM XXI. 


The Latitude of the Place, the Sun's Place in th 
Ecliptict, the Time of the Day or Night, and 
Longitude and Latitude of the Moon, or cf q 
Star, being given; to find the Parallaclic. Angle 
at the ide Moon, or at a Star, and its Distance 
From the Vertex. 


EXAMPLE. 


In the Latitude 319 32“ North, the Sun's Pac 
1 0.00; the Hour 9 in the Morning; the Star 
Capella, whoſe Longitude is 179 49“ in Gemini ; his 
Latitude 22® ;2! North, being all given: the Parl. 


Vertex are required. 


Firſt, Find the Place of the Star in the laſt Schem: 2 
and through the Star and the Vertex at B deſcribe 
great Circle. 

For + B is the Star's Diſtance Fol the Vertex 
and the Angle K + B the Complement of the Pan 
lactick Angle required, 

In order to the finding them by Calculation. Firl 
Find the Place of the Nonageſima Degree by the if 
Problem, which is 8 5 527 or 4 N 35? 62“. K 
condly, The Diſtance of the Nonageſima Degree iron 
the Vertex, which will be NB 419 33“ 

Then in the oblique-angled Triangle * K B, ti 
Side K &; the Star's Diſtance from the next Po 
of the Ecliptick, or the Complement of its La 
tude, which in this Example is 672 O8“; the Si 
K B, the Diſtance of the Vertex from the ſaid Po 
which is equal to the Altitude of the Nonageſi 


Degree, and is here 80 27, found by the i 
mw , proj 
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problem; the Angle & K B, the Difference of the 
Longitude of the given Star, and the Nonageſima 
Degree, which in this Example is 41? 6%, and is the 
Difference of N 36 52, and ꝙ y 772 49, being 
all given : to find the Angle K & B, the Complement 
of the Parallactick Angle at the given Star, and the 
Side * B, the Star's Diſtance from the Vertex. 


Firſt, to find the Angle K & B. 


K * 67? 087 
KB 48 27 


— —⅛ͥ — 


Sum 115 35 + is 57? 4// The A. & KB 419 6% 


— — — 


Diff. 18 41 f is 9 20 The half is 20 382 


As s. of the half Sum of the Sides 370 47% 0.072571 


To s. of half their Diff. 9 20+ 9.210376 
do. ct. of half the Angle x KB 20 58+ 10.416389 


To t. of half the Diff. of the oppoſite 
Angles 260 350% 9.699336 


As cs of half the Sum of the Sides 57* 47/5 0:273274 
To cs. of half their Diff. 9 20 + 9.994201 
So ct. of half the Ang. x KB 20 58 + 10.416389 


"III 


To t. of half the Sum of the oppoſite 
Angles 78? 187% 5 


The half Diff. ſubtract 2635 


The Diff. 51 43=the An. K * B. 


Whoſe Complement 38? 17! is the Parallacticæx 
Angle at Capella. 


CC's Secondly, 
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Secondly, To find the Side & B, the vertical 


Diſtance. 
As s. of the Angle KX B 5143 O. 103134 
Tos. of the Side KB 48 27 9.874120 
So s. of the Angle x KB 41 57 9.825099 
To s. of & B, the Star's Diſtance from the RT 
Vertex $9” 36 g 9-904304 


Thus have I gone thro' the moſt Practical Problem 
in Aſtronomy, tho' there might be a great many o- 
thers formed; for the whole Courſe of the heavenly 
Bodies, and all their Motions and Eclipſes are ſolved 
by Trigonometry : ſo I ſhall conclude this Chapter, 
and refer my Reader for further Satisfaction to Books 
treating of Aſtronomy. 


— „ „„ erer 


C HAP. VIII. 
Arithmetical Dialling 


DEMMONST RATE PD; 


O R, 25 4 
TRIGONOMETRY 
Applied to | 


PRACTICEMmDI1ALLENG: 


IALS may be made upon any plain Super- 
ficies, and all plain Superficies have one or other 
of theſe three Poſitions, viz. either Parallel, Perpendi- 
cular, or Oblique to the Horizon of the Place where- 
in the Plain is ſeated ; and all the Hour-Lines drawn 
upon any Plain are great Circles of the Sphere, which 
being projected upon a plain Superficies, become 
ſtraight Lines. 

Now the Art of Dialling conſiſteth chiefly in the 
finding out of theſe Lines, and their true Diſtances 
from each other, which do continually vary, accord- 
p. ng as the Plains upon which they are deſcribed, or 


projected, are ſituated in reſpect of the Horizon of 
the Place, 


How 
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How to find the Declination of a Plain. 


Definition. The Declination of a Plain is the qQuan- 
tity of that Arch of the Horizon, which is compre- 
hended between the true North or South Points, ande 
Line drawn perpendicular to the Plain. 

By your Quadrant draw an Horizontal Line upon 
the plain, and apply one Side of your Quadrant to the 
faid Line, ſo that the Limb of the Quadrant may be 
towards the Sun, holding the whole Quadrant as Jeve| 
as you can; and at the fame time hold up a Line 
and Plummet at full Liberty by the Limb, guiding 
it ſo as that the Shadow of the Thread may pals 
directly thro the Center: then mind what Degree 
of the Limb the Thread cuts, being counted from the 
Side of the Quadrant that is perpendicular to th: 
Plain, which Degrees are the Horizontal Diſtance, 

At the ſame time (or as near as poſſible) find the 
Altitude of the Sun by your Quadrant, and there 
find the Azimuth by Problem the 1oth of the 711 
_ Chapter. Or if it be Collins's Quadrant, you may hind 
the Azimuth near enough the Truth by that. 

When you make your Obſervation of the Sun“ 
Horizontal Diſtance from the Perpendicular to ti: 
Plain, mark whether the Shadow of the Thread do 
fall between the South Point of the Horizon, and 
that Side of Quadrant which is perpendicular to ti 
Plain. Then obſerve theſe Rules. 

I. If the Shadow fall between them, then the Ho 
rizontal Diftance and Azimuth added together, make 
the Declination. And in this Caſe, the Declinatio! 
of the Plain is towards the ſame Coaſt whereon tt 


Sun's Azimuth is. 


(i 


II. 


natic Il 


on rh? 


II.! 
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II. If the Shadow fall not between the South Point 
and that Side of the Quadrant which is perpendicular 
to the Plain ; then the Difference between the Horizon- 
tal Diſtance and the Azimuth is the Declination of the 
Plain. And if the Azimuth bethe greater of the two, 
then the Plain declines to the ſame Coaſt the Sun is 


upon; if it be the leaſt, then it declines to the con- 
trary Coaſt. 


Hew to find the Reclination of a Plain. 


Definition. The Reclination of a Plain, is the quan- 
tity of an Arch of the Vertical Circle, which paſſeth 
through the Zenith, and cutteth the reclining Plain at 
right Angles. 

To find the quantity of Reclination : Firſt, by the 
help of a Level draw an Horizontal Line croſs the 
Plain, and about the middle draw another Line at 
right Angles thereunto ; then let ſome Aſſiſtant hold 
2 long Ruler upon this laſt Line, and over the top 
of the Plain, till you hold a Quadrant to the under 
Side of the Rule, letting the Thread and Plummet 
hang at free Liberty, and obſerve the Degrees cut 


hy the Thread, which is the Reclination of the 
Plain. 


How to know which of the Poles, whether the North or 
South, is to be elevated above any Dial plain. 


The Axis, or Stile of every Dial, lies parallel to 
the Axis of the World; and cherefore the two ends of 
the Stile of every Dial directly reſpect the two 
Poles of the World: And conſequently if the South 
Pole be elevated upon any Dial Plain, a Dial made 


on the back- ſide of that Plain, will have the North 
Pole elevated. 


. Fw 


396 Of Dialling. Ws |; 
PLD Gegeneral Rules. 


1. Upon the Horizontal Plain, in North Latitude, 
the North Pole is elevated, but in South Latitude the 
South Pole. 

2. Upon all erect Plains, whether direct or declin. 
ing, if the Plain lie open to the South, the South Polt 
is elevated; but if it behold the North, the North 
Pole muſt be elevated. 

3. Upon all direct Eaſt or Weſt Plains reclining, 
(how far ſoever) the North Pole is elevated ; and upon 
all Eaſt and Wet Incliners oppoſite to them, the 
South Pole. x 

4. Over all North reclining Plains, whether direct 
or declining, the North Pole is elevated; and over 
the inclining Plains oppoſite to them, the South 
Pole. 

_ Laſtly, Over all South reclining Plains, whether 
direct or declining, if the Plain paſs between the 
Zenith and the Pole, the Axis of the Stile muſt have 
reſpect to the South Pole; and on the inclining Plains 
eppolite to them, the North Pole: but, if the Plain 
Paſs between the Horizon and the Pole, the North 
Pole ; and on the Incliners oppoſite to them, the 
South Pole. 9 8 


2 


SE N 


To draw the Hour Lines upon a Vertical (common) 
called Horizontal) Plain. 


Firſt, Draw a right Line NS for the Meridian, and 


Hour-Line of 12, and croſs it with another at right 
Angles EW, for the Hour-Line of fix, cutting 


each other in Z; then upon Z as a * vs 
cribe 


% ww wm areas 


SS. 
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ſcribe the Circle ENWS, repreſenting the Horizon of 
London: Within this Circle project the Sphere, as 
has been taught. 

Then ſhall the ſeveral Hour-Circles touching the 
Plain of the Horizon, give you Points to draw the 
Hour-Lines upon your Dial-Plain by : So that a Ru- 
{cr laid to Z, and every of the Points t, 2, 3, Sc. 
11, 10, 9, &c. where the Hour-Circles touch the 
Horizon, if you draw ſtraight Lines thereby, they 
hall be the true Hour-Lines. | 


—— 
W 
8 


Ht" 7 
76 NN ie 
A - 
- * 
- * 1 q \ % 


For the making of an Horizontal Dial, there is 
nothing required to be known, but the Latitude of 
tne Place, equal to which muſt the height of the Stile 
e; wherefore take 31 32“ out of your Scale of 
Chords, and ſet it upon the Horizon from S to A, 
and draw a Line ZA for the Stile. The Sub-ftile (or 
Line upon which the Stile ſtandeth) is the Meridian, or 
Hour-Tine of 12; and ſo is the Dial finiſhed. 


„ * 
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By Trigonometrical Calculation. 


There is nothing required to be found in this Dial 
by Calculation but the Hour-Diſtances from the Me. 
ridian : In the Triangle NP à right-angled at N, 
there is given NP the Latitude of 51* 32/, and the 
Angle NP a, the Angle the Hour-Circle makes at 
the Pole; to find Na the Hour-Diſtance. Where- 
fore the Proportion will be, | 


As Rad. to the s. of the Latitude 51* 32! 9.89374 


So is t. of the Angle NP @ 15* ooo! fo | 
one hour 5 9:4250; 


* — 


To t. of the Hour Diſtance Na 11* 51i' 9.32179 


Again, 
As Rad. to s. of the Lat. 51? 32 9.89374 
So t. of the Ang. NP Y 30 oo for 2 hours 9.76144 


To t. of the 2d hour Diſtance N 249 19! 9.65518 


After the ſame method you may calculate a Table 
to every quarter of an Hour for any Latitude, mak- 
ing the Angles at the Pole 3? 45/ for the firſt quarter, 


72 3o' for the half hour, 11? 15! for three quarters 
Se. 


Hours tron | \ngles atſtHour-Diſ- 
Noon. | the Pole. |. rances on 
the Plain. | 
12 oo oof o od 
11 ioo 
10 2130 oo | 24 19 
2 345 938 03 
18 4460 00 | 53 36 
17 5 75 0 i 6 
. % oo | 9o oo 
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After you have calculated your Table, upon the 


micircle, as ES W; then by the fame Scale of Chords 
ſet off the Degrees and Minutes in the third Column 
of the Table both ways from 8. Thus take 119 51 
from the Chords, and ſet from S to 11 and 1; then take 
24 19%, and ſet from S to 10 and 2, and ſo of 


˖ reſt : then lay a Ruler to the Center Z, and to each 


of thoſe Points, and draw the Hour-Lines; and 
et 512 32! from S to A, and draw ZA for the 
tile. 
4 Thus have you two ways for performing the ſame 
thing, viz. by Geometrical Projection, and by Arith- 
metical Calculation, whereby you may ſee not only 
an agreement of one with the other, but alſo a plain 
Demonſtration of one by the other. 


— 


— — ä — 


SECT. Il. 


South or North Plain. 


Firſt, Upon a Circle repreſenting the Horizon of 
London, project the Sphere, as in the foregoing Section. 
The next thing is to draw a Line upon your Projection, 
which fhall repreſent your Plain. 

And here Note, That all upright Plains are repre- 
ented upon the Projection by ſtraight Lines. 

| Now, an erect direct Plain, which beholderh the 
South, muſt needs lie in the Azimuth Circle of Eaſt 
ad Weſt; therefore a right Line drawn from E to 
W, ſhall repreſent your Plain. 


And the Point N is the Pole thereof, being go? diſtant 
tomit. a % 


It 


Center of your Dial with 60* of Chords deſcribe a Se- 


How to deſcribe Hour-Lines upon an erect direct 


TS 
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If you lay a Ruler to N, and to the ſeveral Points, 
I, 2, 3, Sc. 11, 10, 9, Sc. where the Hour-Lines 
of the Projection cut the Plain, and where the Ruler 
cuts the Primitive Circle, make ſmall Marks, as 
* * k. Then Lines drawn from the Center Z thro 
thoſe Marks, ſhall be the true Hour-Lines. 


10 
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DSESTMERS 


The height of the Plole above an erect direct North 
or South Plain, is always equal to the Complement of 
the Latitude: therefore if you take 380 28' from the | 
Scale of Chords, and ſet from S to B, and draw the | 
Line ZB, it ſhall bethe Stile, which muſt ſtand upon } 
the Meridian; and in the South Plain muſt point 
downwards to the South Pole, but in the North Plain 
it muſt point upwards to the North Pole. 


i 


4 


O Ja Dialling. 


By Trigonometrical Calculation. 


Chap. 8. 


There is nothing but the. Hour-Diſtances (as f in 
the Horizontal) to be calculated. Thus in the right- 
angled Triangle Z 1, there is given ZP 389 28', and 
the Angle 25 1 152, the Angle at the Fol to find 
Ji, thus. 


As Rad. to s. 2p 38 22/, the hei ght 
ol the Pole or Stile above the Plain $ 9. 79383 


ole e Pay WH ee = 9.42305 


2 


To t. of Z 19 28', the firſt hour Diſt, 9.22188 
The drawing of this Dial is the ſame as the Horizon- 
til. For firſt, with 60% of Chords you ſtrike the Semi- 
circle ES W; then from 8 ſet off the Degrees and 
Minutes in the third Column of the Table both ways; 
then lay a Ruler to Z the Center, and to each of thoſe 
Pricks, and draw Lines, which mall be the true Hour- 
Lines. Then from the Line of Chords take 389 28/, the 
height of the Stile above the Plain, and ſet from S to By 
and draw Zz for the Stile. 


{Hours from Angles at{Hour-Dil- 
Noon. | the Pole. tances on 


EN the Plain. 
12 8 00] 60 
11 11 1&6 + 0 20 
10 2.1 20 00 19 45 
9 3.145 £0 130 53 I 
8 4160 047 08 
7 575 0066 42 
| 6 © | 90 ool go. 60 | 
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The making of the North Dial is in all Reſpects th 
ſame as the making of the South; and the Stile has 
the fame Elevation above the Plain: all the Difference 
is, that whereas that points downwards to the South 
Pole, this mult point upwards towards the South Pole 
The Fliours next the Meridian are omitted, becauſe the 
Sun Can never come upon the Dial at thoſe Hours. 
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SECT. in. 


To deſcribe Hour-Lines upon an erect direct Eaſt er 
Wejt Plain. 


An Eaſt or Weſt ere& Plain lies in the Azimuth 
Circle of North and South, and ſo paſſes directly 
through the Poles of the World, neither of 1 

aving 


a za ay wM= 
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having any Elevation above thoſe Plains; and there- 
fore the Hour-Lines will be all parallel one to ano- 
ther. 


To draw an Eaft Dial for the Latitude 519 32“. 


1. Near the bottom of the Plain draw an Hori- 
zontal Line DC; then upon C, as a Center, with 609 
of Chords deſcribe the Arch EF, and ſet the Chord of 
38 28 the Complement Zof the Latitude from E ta 
FH; and draw the Line CF quite thro* the Plain: 
which Line will be elevated exactly to the Equinoc- 
tial Circle in the Heavens, and therefore it is called the 
Equinoctial Line. | 

2. That you may the better proportion your Stile 
to your Plain, and that all the Hours may come on, 
aſſume two Points in the Equinoctial Line, one to- 
wards the end C, for the Hour of 11, and the other 
towards the other end thereof for the Hour 6, as the 
Point H; and thro? theſe two Points Gand H, draw 
two Lines at right Angles to the Equinoctial Line, for 
the Hour-Lines of 11 and 6. 

3. Upon the Point G with 60 of Chords deſcribe 
the Arch IK below the Equinoctial Line, ſetting there- 
on the Chord of 15 deg. from I to K; and draw the 
obſcure Line GK, extending it till it cut the Hour- 
Line of 6 in the Point L.: fo ſhall LII be the height 
the perpendicular Stile proportioned to this 

ain. 


Circle MN, between the Hour-Line of 6 and the 
Line GL; and with the Chord of 15 deg. divide it 
into 5 equal parts, in the Points © © ©, c. and 
lay a Ruler from L to each of thoſe Points, and the 
Ruler ſhall aut the Equinoctial Line in the Points 
*****. thro' which Points draw Lines parallel to 
the Hour-Line of 6, and they ſhall be the true Hour- 


D d 2 | Lines i 


4. Open your Compaſies to 60 of Chords, and 
upon L as a Center deſcribe the obſcure Arch of a nel 
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Lines from 6 to 11; and for the Hours before 6, the 
will be the ſame Diſtance as thoſe after 6, therefone 
take the Diſtance in the Equinoctial Line from 6 to); 
and ſet it upon the Equinoctial from 6 to g; and like. 
wiſe from 6 to 8, will reach it from 6 to 4: and Ling 


drawn through thoſe Points, and parallel to the Hou. 
Line of 6, ſhall be the Hour-Lines of 4 and 5 in the Mc: 
Morning. © 


The Stile of this Dial may be a Plate of Iren o MW 
Braſs, juſt ſo broad as between the Hour-Lines of 6 
and ; and it mult ſtand perpendicular upon the Hou. WW le: 
Line of 6. But if it be a large Dial, the Stile may be 


r0 
a round, Rod of Iron with two Supporters towards Ml H 
each End; and muſt ſtand in the Hour-Line of 6, and 
mult be exactly ſo high as the Breadth is between the iff ſp 


Lines of 6 and 9g. 


Chap. 8. 


The making of a Welt Dial is in all reſpects the 
ſame as this, only the Line CH called the Equinoctial 
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Titre. ron from the left-hand Corner, and fo all 
the es the other way; and they muſt be 
p tlie other way too, the Ilour of 11 will 
| and 10 will be 2, Sc. Or, when you have 
rai Eaſt Dial upon Pager, if you draw the Lines 


AS they appear thro? on the Back-fide, you'll have a 
Weſt-Dial. 

When I make any of cheſe Dials, my way is to 
leave out the Hour of x1 or 1, and then I have more 
room for the reſt of the Hour-Lines; for that one 
Hour-ſpace takes up almoſt halt the Dial-Plain: fo that 
when it is left out, there is room for the other Hour- 
(paces to be divided into halves and quarters; but 


when you put that Hour on, there is no room for that, 


nor ſcarce to ſet the Figures, but they mult be made 
very ſmall. 

The Weſt Dial I made by help of the Sector, thus: 
| open my Sector to the Radius of the Stile's height, 
then take off the Tangent of 15*, and let from O to 
aand , and take the Tangent of 30, and ſet from O 
Tc and d; and the Tangent of 45 will reach from 9 
to e; and the Tangent of 60% will reach fiom O to 
then draw Lines thro* theſe Points at Right-angles to 
5 Equinoctial Line, and 7 ſhall be the true Hour- 

Ines. 


After the ſame manner you may ſet off the halves 


and quarters, 3* 45 for a quarter, 7 3o' the hal? 


hour, 119 bs for three quarters; and by the continwal 


addition of 30 45' you will have the Degrees and Vi. oo 


nutes for every quarter. 
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Part II. 


VIII 
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SECT. IV. 


How to draw Hour-Lines upon an erect North er 
South Plain, declining Eaſt or Weſt, 


By Pr cjeftion. 


Our Example ſhall be of an upright Plain, declining 
from South, Weſtward 30 degrees. 

Firſt, Draw a Kight-Line AB, repreſenting your 
* declining Plain, crofling it with another Right-Line 
CD, at n in Z, making 2 for the Zenith 
1 of the Place, and Center of your Dial: upon Z de- 
= ſcribe the Circle ABCD; then from C towards B 
WW (becauſe the Plain declines Weſtward, but from C 
towards 


t 
t 
] 


Ln 


1 
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towards A if it had declined Eaſtward) ſet 30 deg. 
the Declination, from C to N, and draw the Line NZS 
from the Meridian of the Place; upon which, from Z 
to P, ſet off the Pole of the World, and finiſh your 
Projection, as is before taught. 

Secondly, Your Projection being finiſhed, and AB 
being tne Line repreſenting the Plain, the Points C 
and D will be the Poles thereof, being 9oò diſtant 
therefrom ; then thro” the three Points C, P, and D, 
deſcribe the Meridian CPRD paſting thro' the Pole of 
the World, and the Poles of the Plain, whoſe Center 
will be in the Line of the Plain extended : Then find. 
the Pole of this Circle thus, Lay a Ruler upon D and R, 
and it will cut the primitive Circle in 4; then from 4 
ſet 90? to e, then a Ruler laid from D to e will cut 
the Plain in Q, fo is Q the Pole of the Meridian 
CPD. 

There are three Requiſites to be found, before we can 
draw the Hour-Line ; which three things are all com- 
priſed in the little ſpherical Triangle PZR. The three 
things to be found are, | 


: 1. The height of the Pole above the Plain PR. 

2. The Deflection, or Sub-ſtile's Diſtance from the 
Meridian ZP. | 
3. The Plain's difference of Longitude; or, the 


d Angle between the Meridian of the Place NZS and 
the Merician'of the Plain CRD, that is, the Angle 
LPR. | | 
9 All theſe Requiſites may be found by the 7th and” 
th Problems of Chap. 10. Part. 1. . == 
Ir And for drawing the Hour-L.ines, lay 2a Ruler ta 
e C, and to the ſeveral Points 8, 9, 10, 11. and 1, 2, 4, ee 
h Fe. where the Hour- Circles croſs the Line of the 
> Plain AB; and where the Ruler cuts the primitive 
B Circle, make mall marks ***, Sc. and Lines drawn 
C | Da 4 | from 
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from the Center Z, and thro' theſe Marks, 
true tHour-Lines. 


[ 


| 


A Ruler laid from C to R, will give the Point I, 

whereby to draw the Sub- ile ZL. And 329 36“ ict 
from L to F, will give the Point where to draw the 
Stile, and your | Dial is finiſhed. 


By Triponometritat Galeatai! 
ST OP EILEEN 787271 
1 4 4 ”L Fs 4 Jes 10 4 & 2/07 law & þ 4 7. 


| re: mentioned 1 55 IT if tes * the He igbt 
of the Stile, and he 1 AA Ci i; the SuL-ftle irom the 
Meridian, and the Plain's I Vifference of L ongitue, arc 
all found 1 12 the tt 17 le 2 Ir HI 


5 

cle ZPR; in which there is given 
1 I is 1 

ern „the GC plea zent of the Lat! uce, 
; Y \ * 7 

and le Engl ER 60 OG the 4 Complement of the 


G 14% Sa i 
Dec. £4 291, LA) vs 10 


1. The Stilz's Height above the Plain PR. 


2 
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As Rad. to s. of ZP 238* 28/ 9.79383 
So s. of PZN 60 oo the Comp. of Declin. Ko 9375 3 


499 


To s. RP 32* 36! the height of the Stile 9. 73136 


2. The Diſtance of the Sub- ſtile from the Meridian, 
ZR. 


As Rad. to cs. PZR 60 oo the — 9.69897 


of Declination 
So t. ZP 35928“ Compl. of Latitude 9.90008 


—— 


To t. of ZR 21 40%, the Sub: ſtile's diſt. 
from the Meridian 5 9.59905 


3. The Plain's Difference of Longitude Z PR. 


As s. of 38? 28' ZP, the Compl. of the Lat. 9.79383 
To Radius 10. 
So s. ZR 21 409, the diſt, of the Sub- ſtile 


from the Meridian c 9-50727 


[ct 


he 


To s. ZPR 360 25% the Diff. of Long. 947340 


From the Plain's Difference of Longitude thus 


ſound, allowing 15 deg. of the Equinoctial to an 
110; , anti one de eg. for jour min. of Time, you may 


purcerve that the Sab-ſtile will fall between the Hours 


Y ot 2 and 3, for t be Difference of Longitude being 
ine ore than 309, and leis than 45% wherefore from 
are Diff 17 Terence of Longꝑitude 36? 2575 ſubtract 3 3 
Vn wg chere remains 69 25) the Diſtance of tac ob- ele 
ory Iron 2 4-Clock ; and ſubtracting 3 369 25', the F 
the Uiitcrence of Longitude, from 45 oo, there re- 
mains 8% 25˙¼ the Vquinoial Diſtance of the 2 a- 


3 
Clock from A Sub-ſtile : then by adding 15 Geg. to 


cach of the Remainders, pou have tne next Equi- 
noctial 
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noctial Diſtances of the Houas 1 and 4; and ſo by x 
continual Addition of 15 deg, you get all the Equi- 
noctial Diſtances or Angles at the Pole, as you fee 
in the ſecond Column of the Table. Then to find the 
Hour-Diftances from the Sub-ſtile, in the Triangle RP 
2, there is given RP 32* 3, the height of the Pole or 
Stile above the Plain ; and the Angle at the Pole 2 PR 
Co 25/; to find the Diſtance of the Hour-Line from 
the Sub-ſtile 2 R. | | 


As Rad. to s. of the height of the Stile 
above the Plain RP 32* 26/ F 9.73140 
So t. of 2 PR 6* 25/ the Angle at the Pole 9.051017 


— — 


. - 7 8 Fe 1 | 
To t. of 2 R 28% the diſt, of 2 a-Clock z 8.78241 


from the Sub: ſtile, 


Then in the Triangle 1 PR, having PR 320 56, 
and the Angle 1 PR 21* 250 the Angle at the Pole, you 
may find 1 R 115 560 by the ſame Proportion: and fo 
you may find all the Hour-Diſtances from the Sub- 
va as you fre in the third Column of the Tu- 
We. 

If you lay the Chords of the: Numbers in the 
third Column from the Sub: ſtile, you will find them 
to fall in the Points of the Hour-Dittances * *, 
_—_ | 

And the Chord of 21* 40' being ſet from D to L,. 
gives the Point to draw the Sub-ſtile by, and the Lane 
Z is the Sub-ſtile. . 

And the Chord of 32* 4o/ (the Stile's height) ſct 
from L to F, gives the Point to draw the Stile by, and 


ſl | the Line ZF ſhall be the Stile. 


Hours 


Chap. 8. C 


Hours for The Angles] Hour Dit- 
the | at the Pole, tances on 


— — or the E-| the Plain, 
BY =] quinoctial | from the 
1 S Diſtances. | Sub-ſtile. |} 
4 88; 35| 789 12 
JJ 
85 153 35 36 -. $] 
EZ 5 9 Nö 
III 45433. 141] 
. 
The Sub: ſtile. | 
10 2 8 25 3 28 
a 25 11 56 
I2 36 25 21 41 


Ser.. 


How to draw Hour-Lines upon a South or North 


Plain, which declines many Degrees tewards the 
Eaſt or Weſt. 


er South towards either Eaſt or Weſt ; although the 


reſpects as the former Dial in the laſt Section; yet 
"7 reaſon that the Pole of the World will have but 

mall Elevation above ſuch a Plain, the Hour-Lines 
ics aul fall fo cloſe eder, that there will be no com- 


p<tcnt 


If 2 Plain declines many Degrees from the North 


F may be found, and the Dial made in all 


| 
| 
' 
' 
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petent Diſtance between them, without extending them 
out to a great length, as the Antients uſe to do; who 
uſed to draw ſuch a Dial upon the Floor of a Room, 
and then extend out the Hour-Lines, Stile, and Sub-ſtiile, 
till they ſpread themſelves to a competent Diſtance; 
and then cut the Dial off, Stile and all, and transfer it 
to the Plain. But this is no artificial Way, and 
therefore I will ſhew how to draw ſuch a Dial Geo— 
metrically, having no regard to the Center of the 
Dial. 

You muſt firſt find the Requiſites Trigonomerr:- 
cally, as was ſhewed in the laſt Section, viz. The 
height of the Stile above the Plain; the Diſtance 
of the Sub-Ntile from the Meridian; and the Difference 
of Longitude. 

Suppoic an upright Plain in the Latitude 53? 15 
decitncs from the North, Weſtward 81? 457. 


1. For the Stile's height. 


As Rad. to cs. of the Latitude 53* 15 9.77694 
So cs. ol the Plain's Peclinat. 81 45 9.15683 
To s. of the Stile's height 4 86 8.93377 
2. For the Sub-ftile's Diſtance from the Meridt- 
an. | 
As Rad. to s. of Declinat. 8 19 45 9.99545 
So ct. of the Latitude 53 15 9.87317 
To t. of 36? 28! the Deflection 9.86805 
3. For the Plain's Difference oi Longitude. 
As s. Of the Latitude 53® 15! 9.90 377 
Jo Radius | 10. 
So t. of Declination 81 45 10.8286; 
e eee, 
> 3 er 5 . 
To t. of the Diff. of Long. 8 39 220 10.9 
The 
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The next Thing we ſhould do is to calculate the 
Hour-Diſtances : but becaule the Stile has fo little Ele- 
vation, the Hours near the Sub-ſtile will be very near 
together ; wherefore we {hall ſhew a Geometrical Way 
to draw this Dial, and that without having any Regard 
to the Center of the Dial, as tolloweth. 


I. Draw a Right-Line AB perpendicular to one Side 
of your Plain, which muſt be towards the Right, it the 
Plato 85 Declination be South-Eattcrly, or North- Weſter- 
ly; but the contrary Declination towards the Left- 
hand: then with 60 deg. of Chords upon A as a Center MM 
(which muft be towards the Top, if the Declination be [1 


: from the South, but towards, the Bottom when it de- 

clines from the North) deſcribe the Arch CE; and 
. upon it ſet CD 36® 28! (the Diſtance of the IJub-ftile 
from the Meridian) and ſet the Height of the Stile 4® 
56! from D to E, and draw the Lines AD for the Sub- 
ſtile, and AE the Stile. 

2. Then (becauſe the Stile has but ſmall Elevation) 
draw another Line GH, parallel to the Line of the Stile 
AE, at ſuch convenient Diſtance as you think fit; 

which fhall be the augmentcd Stile. 

3. Aſſume any two Points in the ſub- ſtilar Line AD, 
at ſome convenient Diſtance from each other, as R and 
>; and thro' thoſe two Points draw two Right-Lines, 
both of them at n to the ſub- itilar Line 
115 as the Lines ZZ. and XX. 

From the Point R, with your Compaſſes take the 
. Diſtance to the new augmented Stile Gi, and 
et that Diſtance upon the Sub- ſtile from R to R. Alſo an 
from the Point S take the neareſ? Diſtance to the ne 

aug: dated Stile GH, and fer that Diſtance alſo upon 1 
377 dubsſtile from S to L. 9 

5. Upun theſe two Points K and L with 60 deg. 
865 0: Chords deſcribe two Semicirgles, and in cach of 
— em ſet of 822 22% the Plain's Difference of Lon- 
gitude ; 5 4 
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gitude; as from R to M, and alſo from S to M; both 
of them on the ſame Side of the ſub-ſtilar Line, on 


= which the firſt perpendicular Line AB was drawn. 
| r B 
1 „ 


3 6. Divide each of thoſe Semicircles into 12 equi 
Parts, beginning at the Point M, with 15 deg. of tne 
Line of Chords, as the Points © © ©, SS. 
7. Lay a Ruler to the Point L, and the reſpectite 
Points G © ©, Fe. in that Semicircle, and the Ruler 
will cut the Line XX in the Points **, Sc. Allo a 
a Ruler to K, and the ſeveral Points © © ©, Sc. and 


the 


e 
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the Ruler will cut the Line ZZ in the ſeveral Points 
* * (Ic. 

Laſtly, Lines drawn from the firſt Point * in the 
Line ZZ, to the firſt Point “ in the other Line XX, 
(which the Sub-ſtile will direct you how to do) thoſe 
Lines ſo drawn ſhall be the true Hour-Lines proper for 
the Plain, and be at a competent Diſtance one from 
another, without having any relation at all to the Cen- 
ter. . 

Now, in making of this Dial, you have made four 
Dials, viz. 


South declining Weſt 

South declining Eaſt 810 
North declining Weſt x. # 
North declining Eaſt 


A 


only by changing the Names of the Hours, and plac- 
ing the Stile on the contrary Side of the Line AB, for 
the North declining Eaſt ; and by turning of the Dial 
upſide downwards, for the two South Decliners ; ſa 


that the Stile may point downwards to the South 
Pole. 


— — 


r 


How to draw the Hour-Lines, upon a direct Eaſt 
or Weſt rechning Plain, | 


| 1. By Projection EI = 
edu hy 9 7 * = BH 
51 che 


Suppoſe an Eaſt Plain recline from the Zenith 38 
deg. in the Latitude 51 32/, As in all uprighr 


2 Plains, whether direct or declining, the Meridian of 
ny tne Place, and Hour-Line of 12, is always perpendi- 
2 cular to the Horizon, ſo in all direct Eaſt and Weſt 
t. | 


ITC linin 
the 8 


- 3 
rn 
J ö 
=... 
4. N 7 * 
& 1,00 
= NR. 
0 
3 
+. 
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Weſt reclining, or uclning Plains, the Meridian cf 
the Place, and Hour-Lin of 12, is parallel to the Ho- 
rizon. 

To make Be Dial. 

Firſt, Draw a Right. hne ES repreſenting the 
Baſe your reclining; hin, and Hour-Line if 12. Up. 
on Z feſenbe a Circle and ING the Diameter WE, 
to cut the Line NS at K. gut- ngles * Upon 
2 deſcribe à Citele; ind or on the Meiician-Line 
NS, ſet off the Pole of the World from Z to P, an- 
ſwerable to tuc Complen:nt of the Latitude of the 
Place, and finiſh your rrojection as you nave been 
taught. 

Secondly, Becauſe the Plain reclines 38? Do, take 
38 veg. out of the half Tangents, and ſet from Z co O; 
and now have you three Points N, O, and 8, where- 
by to draw your reclining Plain, the Secant Comple- 
ment of 38 is the Center; the Circle NOS being 
drawn, you may find the Pole of. jug the half Tan- 
gent of the Complement of 389 oof from Z to Q, fo 
is Q the Pole of the Plain; hg thro P the Pole of 
the World, and Q the Pole of the Plain, draw an 
Arch of a great Circle, which will cut the reclining 
Plain at right- Angles in K. Nov part of an Arch 
of the Circle RY, part of the Meridian NP, and 
part of the reclining Plan NR, do conftitute a ſphe- 
rical Triangle NRP, right-angled at R. And out 
of this Triangle may all the Requilites belonging to this 
Plain be found, v2. 


1. The height of Pole above the Plain PR. 
2. The Diſtance of clic ©ub-ſtile from the Meridian 


The Plain's Difference of Longitude, the Angis 
NPR. 


Firſt, you muſt find the Pole of the Meridian 6 


the Plain, which will always be where the Circle 5 A 
Jain 
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Plain cuts the Equinoctial Circle, as it doth in A; and 
then, 

You may find all theſe Requiſites by the 7th and 8th 
Problems oi Chap. 10. Part. 1. 

The Hour-Lines in this are drawn after the ſame 
manner as in the former Dials; for lay a Ruler 
from Q the Pole of the Plain, and the . Points 
where the Hour-Circles cut the Plain, and make 
marks upon the primitive Circle; then lay your Ru- 
ler to Z and the ſeveral marks, and draw che Hour- 


Lines. 
2. By Trigonometry Calculation. 


Firſt, Find the Requiſites from the Triangle NRP. 
1. For the height of the Pole above the Plain oy 


As Rad. to s of the Latitude 41* 32! 9.89374 
So s. of the Plain's Reclin. PNR 38 oo 9.78934 


To s. of RP 280 400 „the height of the Stile, 9.68 308 


2. For the Sub: ſtile's Diſtance from the Meridian 
NR. 


As. Rad. to t. of NP 51 42 the Lat. 10.099913 
So is cs. of Reclination PNR 33? 00 9.89633 


2 


To the t. of NR 44 467 the Deflection | 9-999445 


To find the Plain's Diff. rence of Longituces al 
NPR. = 


1 


be” 42 
As s, of the Latitude NP 519 ;8' 9.89374 1 I 
To Radius rn. 7 A 4 
So s. of the Deflection NR 44 46 9. $4577 Lo 


Tos, of the Ang. NPR 64* og Diff. Long. 9.95397 b | 


E e The 


— — 


tract d trom 15 deg. 
h write under Sub-ſtile againſt 3 
conudual Audition of 15 deg. to each of theſe Numbers 
you wili have the Equinoctial Diſtances, or Angles at 
the ole belonging to each Hour, as in the ſecond Co- 
luimmn vt the 1able. 


Of Dialling; 

The next Thing is to find the Hour-Diſtances, thus. 
The Difference of Longitude being 64® 05/, it is four 
Hours (allowing 15 deg. to an Hour) and 4 5 re- 
mains; Wheretore the Sub- ſtile muſt ſtand between the 
Hours of 4 and z, between which Hours write Sub— 
ſtile ; and becauſe the Remainder is 4 5!, when four 
Hours ar 'ubtracted, write 4® 5! above Sub-ſtile in the 
dien, againſt 4 and 8; and if 4® 5/ be ſub- 
g. the Remainder will be 100 35 


Part II. 


then by a 


Latitude 


Oeflection 


alt Reclining 
Stilc's Height 


Diff. of Longitude 


05 


ſtile. 


tours from! 


the Sub- 


the Pole. 
| 


Hour Diſt. 
att“ 
from the 
Sub-ſtile. 


LS: I 
12 


toe I 


_ 


W 
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Then to find the Hour Diſtances : The Arch PR, 
with the Hour Circles, and Hour Diſtances upon the 
Arch of the Plain, make ſeveral right-angled Triangles, 
wherein there is given PR 289 49/, the Height of the 
Pole above the Plain, and the Angle at the Pole, as in 
the Triangle 8 RP, the Angle at the Pole is 4% 05 z to 
find the Hour Diſtance 8 R, ſay, | 


As Rad. to s. PR 28? 49 5 9.683055 
So t. 8 PR 4® 05, the Angle at the Pole 8.853628 


» 


To t. 8 R 1 58 the Hour Diſt. from the | 
the SS. g : 8.536683 


After the ſame manner you may find all the reſt of, 
the Hour Diſtances, as in the third Column of the Table. 
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The drawing of this Dial by the Numbers in the 
Table is the ſame as in the former Dials; for you 
muſt ſet off the Diftance of the Sub-ſtiles 44* 46! tiom 
N to F, and the height of the Stile 282 49! from P 
to L; and draw ZF for the Sub-ſtile, and ZL the Stile 

Then ſet the Hour-diſtances from F the Sub: ſtile tg 
the ſeveral Marks“ *, Sc. and lay a Ruler from 7 
the Center to cach of thoſe Points, and draw the Hour: 
Lines. | 

If thoſe Hour-Lines, Stile and Sub-ſtile be drawn 
thro* the Center, (as you fee the prick*d Hour-Lines 
are) you'll have a Weſt Incliner; and if Lines be drawn 
upon the back-ſide of the Paper anſwerable to thoſe on 
the fore-{ide, you'll have a Weſt Recliner and an Eaſ 
Incliner. 


SECT. VII. 


How to draw Hour-Lines upon direct South reclits 
ing Plains, | 


The firſt Variety, reclining equal to. the Pole. 


Of theſe Plains, there are three Varieties: For, firſt, 
the South Plain may ſo recline, that it may fall jul 
into the Pole, and that is when the Reclination of the 
Plain is equal to the Complement of the Latitude ol 
the Place. Over ſuch a Plain the Pole hath no Elea. 
tion, and therefore the Dial has no Center, and all the 


Hour-Lines muſt be parallel; and the making of this 1s 


the ſame as the Eaſt or Weſt erect Dials were; on!y, 

the Stile in thoſe Dials ſtands upon the Hour 6, i 

this it muſt ſtand in the Hour-Line of 12. And 

75 Equinoctial-Line in this is an Horizontal 
Ne. 


EI 
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* Eee Dial. 


CR Ie 
* 
* 
| 


The ſecond V. ariety, 8 outh reclining fs than the 


ole. 


Having drawn a Circle, and croſſed it with two 
Diameters, SN for the Meridian, and WE for the 
prime Vertical Circle, and Hour of ſix, within this 
wry project the Sphere, and finiſh the Dial as before 
dug C 

Suppoſe in the Latitude 310 30's a Plain reclines 
from the Zenith 25 deg. 


1. By Projection. 


kc, 4 


2 ——ů— — are 
—— or — — 
r me 
Pq : Ln) 


Set the half Tangent of 25 deg. the aeg rom — I 


2 to R, and n the c Plain through W. 


R, and E, and find Q the Pole thereof: The Plain 1 | 
you may ſee in the Projection paſſes between P the "Y Y | 


Pole, and Z the Zenith, therefore the South Pole 18 
E clxated 
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elevated above the Plain; and 10 find ! how much, ſyb- 
tract ZR 25 the Reclination fron: £P, the Comple 
ment of the Latitude 380 28, an” there remains PR 
132 28!, the Height of the South Pole above the Plain, 
Draw the Hour-Lines from the Projection, as in former 
Dials was done. 


2. By Trigonometrical Calculation. 

There is nothing beſides the Hour Diſtances to b. 
found, which are found by the common Proportion 
uſed in former Dials, thus. 


As Rad. to the s. of PR 13® 28', the 
Stile's Height 5 9.36713 
So 1s t. of 13, the Angle at the Pole 9.42805 


_ — — — 


To t. of the Hour-Diſtance 30 34 8.79518 


And by repeating the Work you may find the reſt 
of oe Hour Diſtances, as in the third Column of the 
Table. 


| Stile's Height 13028“ | 
Hours fromſAngles at|Hour Dit- 
Noon. the Pole. | tances. 
12 5 00! | 
's 15 oo | 3-434] 
10 2 | 20 000 7 99 
9 3] 45 0013 907 
8 460 oo 21 58 
7 5 75 00 41 0 
6 | 90 oo | go oo | 


If the Reclination be ſuch that the Pole has but 
mall Elevation above the Plain, it will be the beſt way 
to draw the Dial without a Center, as is ſhewed in 


the 5th Section: Or thus, Draw the Line AB for tie 
Hour 


\ 
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Hour-Line of 12; then upon A, with 60 deg. of Chords, 
deſcribe the Arch CD, and from C ſet 30 28%, the 
height of the Pole above the Plain, and draw AS, and 
parallel to it draw EF the augmented Stile; then draw 
the Lines XX and ZZ at right Angles co AB; then 
take the neareſt Diſtance from G to the * augmented Stile, 
and open the Sector to that Radius, and take out the 
Tangents of 155, 302, 452, 600, and 759, and ſt 
them both w: ays from the point G upon the Line XX; 

then take the neareſt Diſtance from the point H to the 
augmented Stile; and open the Sector to that Radius, 
and take out the ſame Tangents, and ſet both ways 
from the point H upon the Line ZZ; then draw Lines 
from cach point in one Line thro? its correſpondent point 
in the other Line, and thoſe Lines ſhall be Lhe true Hour- 


Lines, 


The third Variety, Scutb reclining more than the 
of, | 


Having drawn the Projection, and in that the Cir— 
cle ERW ürepreſenting the re laing! lain, which you 
may perceive falls bstween the Horizon and the Pole; 
therefore to find how much the Pole is elevated above 
the Plain, you muſt ſubtract ZP, the Complement of 
the Latifude 28* 28!, from Z 70 deg. 04 Reciina- 
tion of the Plain, and the remainder is FR 31* 320 the 
Elevation of the Pole above the Plain. 

. The drawing of this being the very ſame as the for- 

ver, I ſhall ay no more about it: Only ſet down the 

i: Table, and the Fig gures which will be ſufficient to thy 
| F angenious, | be 
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{ The Stile; Height 


Hours from ngles a. 


25 


Noon. the Pole. | Pcs on 
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S'E © T. Vin 
How to draw Hiur-Lines upon direct North re. 


clining Plains. 


=_ 


Of theſe kind of Plains there are three Varietic:, 
as there were of South Recliners: For, {1.) The 
Reclination may be ſuch that the Plain may juſt lie in 
the Equinoctial Circle. Or (2.) It may recline fo, 
that the Plain may fall between the Zenith and the 
Equinoctial Circle. Or (3.) The Plain may recline 
ſo, as to fall between the Equinoctial and the Hori- 


Zon. 


The firſt Variety; North reclining equal to the Equi- 
noctial. 


Suppoſe a North Plain, reclining from the Zenith 
g1* 32“ in the Latitude 51* 32/. 

The drawing of this Dial is very eaſy ; for you need 
but deſcribe a Ci: cle, and divide it into 24 equal parte, 
and lay a Ruler to the Center Z, and each of thoſe 
parts, and draw Lines which ſhall be the true Hour- 
Lines. 

The Stile muſt be a Wire ſet perpendicular in the 
Center Z. | 
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The ſecond Variety; North reclining leſs than the | 
Equi noctial. — 


8 Ta * 
ne 


1. By Projection. 4 #2 

Let there be a North Plain, reclining from the Ze [ 
nith 25 deg. Having projected the Sphere, and dee 2 1 
ſcribed” the Circle ERW repreſenting the reclining PH 2 | 
f 


3 


which you may fee paſſes between the Zenith and n_ 
Equinoctial; then the Height of the Pole above the 1 
Plain is the Sum of PZ 380 28/, the Complement bi 
the Latitude and ZR 25 deg. the Reclination, which 
10 630 28), equal to RP. 


"Bt 5th 
wx 
- £42 
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2. By Trigonometrical Calculation. 


There is nothing to calculate but the Hour -Diſtance: 
from the Meridian, which are found by the general Pro- 
portion, thus. 


As Rad. to s. of PR 63 28/, the Stile's oy 
hight | $ 9:95 81005 
So t. of 15 deg, the Angle at the Pole 9. 440052 


——— — — 


To t. of 13 29“ the firſt Hour diſt. 9.379717 


The like muſt be done for all the reſt, and fo ſhall 
you produce ſuch Numbers as are in the chird Column 


of the Table. 
The Stile muſt ftand upon the Meridian Line NZ, 


making an Angle of 63* 28/ therewith, 


The Stile's Height 63® 287 
© | 
Hours es Fara at Hour Dit- Dit 
Noon. the Pole. | ©2665 No 
the Plain. 
| 12 | 00* oo oo oof 
11 115 013 29 
10 230 00 27 19: 
19 345 0041 49. 
18 4 | 60 oof 57 10 
1 7 5 75 00] 73 20 
1 9o oo | 90 oo 


Tht 
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The third Variety ; North reclining more than the 
Equinoctial. 


Suppoſe a North Plain in the Latitude 319 32%, 
ſhould recline from the Zenith 70 deg. 

Having projected the Sphere, and therein drawn the 
Circle repreſenting the reclining Plain ERW, whoſe 
Pole is Q, you may perceive in the Projection, that 
the Plain paſſes between E the Equinoctial, and S the 4 i 
South Part of the Horizon; and to find the Height ok 
the Pole above the Plain, we muſt add ZP 4382? 28 ran |. | 
Complement of the Latitude, and ZR the Reclinariann_ þ | 
70 deg. together, whoſe Sum is 1089 28/7. But 
Height of the Pole above the Plain can never exceed. 
90 deg. wherefore the Complement of 108* 28' to 189 
Tht s 71? 324, the true Height of the Pole or Stile above ne 
15 Plain. The reſt of the Work is the ſame as in the nn 
aſt, | il 


The 


Of Dialling. 


Part II, 


[The Stile's Height 71® 32! | 
Pn 
| 1 0 N the Plain. 
| | 12 oo oO oO oof 
11 1 t5 00] ts. - 16 | 
| 10 2 | 30 oof 28 43 
1 19 3145 00 43 30 
7 5 75 00 74 14 
6 90 0090 OO 
N 
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SECT, N. 


How to draw the Hour-Lines upon South declining 
reclining Plains. 


Of South direct reclining Plains, there were th 
Varieties, ſo are there as many of South Recliners which 
decline alſo; for to any Declination, the Plain may re- 
cline ſo, that it may paſs thro* the Pole of the World. 
Or, Secondly, It may recline ſo, that the Plain ſhall 
fall above the Pole, and ſo fall between the Zenith 
and the Pole. Alſo, Thirdly, It may fo recline, that 
the Plain ſhall paſs between the Pole and the Horizon, 
Of all which Varieties I ſhall give a particular Exam 


ple. 


nme“ 


The fil 4 ariety ; Of South declining reclining Plains, 
The Plain paſſing thro' the Pole. 


1. By Projection. 


An Example ſhall be of a South Plain declining 35 
* Eaſtward, and reclining from the Zenith 33% | 
Firſt, Draw a right Line AB, repreſenting the Basis . 
of your reclining Plain, and croſs it with another Line = 
CD, at right Angles in the point Z. Z 
Secondly, Upon Z deſcribe a Circle, and in 


from C towards E (becauſe the Plain declines rated A il q 


ward) ſet 35 deg. the Declination of the Plain wal 5 13 
and draw the Line NZS for the Meridian of the Place 9 Þ 
upon which from Z to P, ſet the half Tangent 3 


23, the Complement of the Latitude, and finiſh the 
Projection. 


Thirdly, 
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Thirdly, Take the half Tangent of the Reclinatiou 
of the Plain 33003“, and ſet it from Z to R upon 
the Line CD, ſo have you three Points A, R, and 
B, by which to draw your Plain; and ſet the Secant 
56? 57! (the Complement of Reclinatiori) from R 
upon the Line CD, and it will give the Center; and 
the half Tangent of 56? 57! ſet from Z will give you 
the point Q, the Pole of the Plain; thro' Q the Pole 
of the Plain, and P the Pole of the World, draw the 
Arch of a Circle, (by Problem 4. Chap. 10. Part 1.) 
And now ſeeing the Plain paſſes juſt thro? the Pole of 
the World, therefore the Pole hath no Elevation above 
it, and conſequently the Hour-Lines muſt be paralle! 
one to the other. But before you can draw them, two 
things muſt be found. 


I. 1 Diſtance of the Meridian from the Horizon 
B. 
2. The Plain's Difference of Longitude, the Angle 


ZPQ. 


Both which by the Projection is thus found: 

A Ruler laid from Q to P, will cut the Circle in 4, 
and the diſtance @ B meaſured upen the Chords will 
give 700 10ʃ, for the Diſtance of the Meridian from 
the Horizon; and the Arch 8 & meaſured upon the 
Chords will be 289 45', for the Plain's Difference of 
| Longitude. 

Theſe things being found, the Dial muſt be drawn 
Geometrically, not much differing from the direct Eat 


| \ % x by 

| : [ ik *® E. 

11 = - WES = 3 

i and Welt, and Equinoctial Dials. 
"of | by bp.” Uh. 

_ :_ _— | 


2. By Trigonometrical Calculatian. 


1. To find the Diſtance of the Meridian from the 
Horizon PB. In the right-Angled ſpherical FT riang 
PRZ right-angled at R, there is given, ZP 38 2d 


the Complement of the Latitude, and the oy 


Chap. 8. Of Dialling. 433 
RZ P 35 deg. the Plain's Declination, and if you will 
RZ 33* 03' the Plain's Reclinations , to find RP, the 


Complement of the Meridian's Diſtance from the Ho- 
rizon, Thus, 


As Rad. to s. PZ 380 280 9.73983 
So s. RZ P 35 deg. the Plain's Declinat. 9.75859 


—— — — — 


To s. RP 200 54 9.55242 


The Complement whereof 690 ob“ is the Arch PB, 
the Diſtance of the Meridian from the Horizon. 


2. For the Plain's Difference of Longitude ZPQ. * 


As s. of PZ 380 28/ the Compl. of Lat. 9.79383 
Is to Radius IO. 
So s. of ZR 339 0z/ the Plain's Reclinat. © 73669 


To s. of ZPR 619 15 25a 94286 


Whoſe Complement 289 45 is the Angle SY the 
Plain's Difference of Longitude. 


The Geometrical Projection of this Dial. 


Firſt, Draw a Line at pleaſure, as AZB," repre- 
ſenting the Horizontal Line of the Plain. Then con- f 
ſidering what Length you would have your Stile to 3 | 
be, aniwerable to the Bigneſs of your Plain; ſuppofe 
ZD, take that Diſtance in your Compaſics, and ſetting 
one Foot in Z, with the other deſcribe the Sem .—— 
circle ACDB ; upon which, with a Line of Chords, | #3 ® ' 
60 06, the Diſtance of the Meridian from the ori 
zon, from A to C, and draw the Line ZCE for N OF. 
Sub- ſtile. 13 

Secondly, Take 289 45), the Plain's Difference of nn 

iongitude, and ſet from C = ah and thro' the TRY "2 


- 
es 4 
4 1 1 
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Thirdly, 


angent Line FG at right Angles to the 


; . 
| 75, , 11.48 . / 
W ,, Rowe: 
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Thirdly, With 15 deg. of Chords divide the Semi- 
circle ADB into 12 equal Parts; and lay a Ruler to Z, 
and each of thoſe Points, and make Marks by the Edge it 
of the Ruler upon the Tangent Line, and thro' thoſe nl 


Marks draw Lines parallel to the Sub-ſtile, which ſhall 1 
be the true Hour - Lines. 


E 


De ſecond Variety : Of South declining reclining 1 
| Pains; the Plain paſſing between the Pole and i | 
the Zenith, x 

1. By Projection. 0 

Let us ſuppoſe a Plain to decline from the South if | 


Eaſt 335 deg. and to recline from the Zenith 189 
0', 

- Firſt, Draw a Line AB, for the Baſe of the reclining 

Plain, and another CD, perpendicular thereunto, for 

the Vertical Line of the Plain, croſſing one another at 

Right Angles in Z. 

Secondly, Upon Z deſcribe a Circle, and ſet 35 deg. 
the Declination from A to E, and from C to S, and 
draw E W for the prime Vertical Circle, and SZN for 
| the Meridian of the Place, and finiſh the Projection as 
before taught. 5 _— 

Thirdly, Out of the Scale of half Tangents take 1889 
30, the Reclination of the Plain, and ſet it from Z to 


4 
41 


= = 

H, upon the Line CD; and ſet the Secant of 719 30% = 

the Complement of Reclination downwards from H, me 

and it will give the Center whereby to deſcribe the 1 -- 30 
clining Plain AHB; and the half Tangent of 71 ł 

7 will reach from Z to Q, the Pole of the Plain; the W 


through Q the Pole of the Plain, and P the Pole of the KW I 


World, draw the Arch of a great Circle QRP, by NM 
Prob. 2 Chap. 10. 1. 9 : 


1 

I 
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The next Thing is to find the Requiſites belonging 
to the Plain, which in all declining reclining Plains (ex- 
cepting ſuch as pals thro? the Pole of the World, or by 


the Interſ:Ction of the Meridian and Equinoctial) are 


1. The Dift. of the Mer.) [OB 7% 28 
and Horizon 

2. The Height of the Pole 

or Stile above the Plain (repreſent- 

3. The Diſtance of the { ed by 

__ Sub-ftile from the Mer. 

4. The Plain's Differ. of 
Longitude 


PR 13 24 
OR 9 co 


j LOPR 34 02 
And all theſe may be found by the Projection, by 
Prob. 7, 8. Chap. 10. Part 1. 
Having found the Requiſites, the Hour-Lines are 
drawn after the ſame Manner as in other Plains. 


2. By Trigonometrical Calculation. 


By the Interſection of the Circles of the Sphere with 
the great Circles of the reclining Plain, there are con- 
ſtitured ſeveral ſpherical Triangles, but eſpecially two; 
by the reſolving of which all the forementioned Re- 
quiſites may be found: The two Triangles are HOL, 

right-angled at N, and OPR right-angled at R. 


1 PA 
1. For the Diſtance of the Meridian from the Hor 


„ 


on BO. 
* ; OX 
1 


4 
> 


—_— —— This wil! be found in the right-angled Triagg 
SE HOZ, in which is given HZ 180 30%¼ the Plain's 1s 
SS. clination ; and the Angle HZO 25 deg. the Plain's Be. 
Clination, to find the Side HO. 


Ori- 


As 
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As Rad. to s. ZH 189 3o', the Reclinat. 9.50148 
So t. of HZO 35 oo, the Declinat. 9.84523 


To t. of HO 129 32/ 9. 34671 


Whoſe Complement 77? 28/, is the Diſtance of the 
Meridian from the Horizon BO. 


2. For the Heigic of the Pole or Stile above the 
Plain PR. 


This muſt be found in the Triangle POR, but in it 
there 1s not yet enough given ; wherefore ZO muſt be 
firit found in the former Triangle HOZ, thus. 


As s. of HZO 35 oo, the Declinat. 9.75869 
To s. of HO 129 32“ 9.33647 
So s. of ZHO 90 10. | 


To s. of OZ 229 14/ 9.57788 


Which ſubtracted from ZP 382 28/, there remains 
16? 14 for the Side OP, in the other Triangle OPR: 
And now ſeeing the two Triangles have the ſame An- 
gles at the Baſes, viz. the Angle ZOH, and ROP, 
and therefore are ſimilar, and the Sines of the Hypothe- 
nuſes and Perpendiculars are proportional (by Axiom 1. 
Chap. 7. Part 1.) you may work with both Triangles 
together to find PR, thus. -— 
As s. of ZO 229 14 Hypoth. }._ +. 0.422128 
Tos. of ZH 18 go Perpend. F e 102 _ N 


4 
Y 


So s. of PO 16 14 Hypoth. 2; O. . 2 _— 
Tos, of PR 13 34 Perpend. in Tri. PUR 9370 | + 7 


, 59 
a | « 
* . 1 * — 
—_— 2 2 
1 5 
x * . 1 * » \ 
| 77 4 FY 1 
- & SS. 2 WS is d 
_ | 
_.  — 
* f 8 
4 L » 1 
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3. For the Diſtance of the Sub-ſtile from the Me. 
ridian OR. 


In the Triangle POR, there is given the Side PO 
160 147, and the Side PR + og 34 z to find OR. 


As cs. of PR 130 34 9.98771 
To Radius hs X 4 o 
So cs. of PO 269 14 9.98233 


To cs. of OR 9® oO, the Diſt. of the 5 9:99462 


Sub-ſtile from the Merid, 
4. For the Plain's Difference of Longitude OPR. 


As s. of PO 169 14 9.44646 
To s. of PRO go? 10. 

So s. of OR & oof | * 19433 
To s. of the Angle OPR 34 02 9. 7475 


Which is the Plain's Difference of Longitude. 


The next Thing you ſeek is the Hour-Diſtances upon 
the Plain. 

The Plain's Difference of Longitude being 34 02 
which is two Hours, and 4? O remains; wherefore 
the Plain declining towards the Eaſt, the Sub-ſtile falls 
between the Hours of 9 and 10 in the Forenoon : 
wherefore write Sub-ſtile in the Table between the 
Hours of 9 and 10; and below the Sub-ſtile againſt 
the Hour 10, write 4" O2] in the ſecond Column; ſub- 
tract 4* o2/ from 15*, and there remains 10˙ 68“, which 


. write above the Sub-ſtile againſt the Hour 9; then 


EN a continual Addition of 15%, you will produce the 


_ | ._ Number in the ſecond Column of the Table, which are 
WW thc Equinoctial Diſtances or Angles at the Pole. 


N. B. 
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N. B. Obſerve, in making up the Numbers in the ſe- 
cond Column, that the Number which falls againſt the 
Hour 12, is always the ſame as the Plain's Difference of 
Longitude, if you have committed no Error. 


Then by the general Proportion. 
As Rad. to s. of PR 13˙ 34/, the Stile's 
Height ot F 9-37006 


So t. of 4* 02/, the Angle at the Pole 8.84826 


To t. of the Hour-Diſtance o 57! 8.21832 
Latitude 51 232 
Declination | 35 oO 
Reclination 18 30 
Diſt. Mcrid. and Hor. 77 
Stiles Height 13 34 
Deflection 9 OO 
Diff. of Longitude 34 02 
Hours from| Angles at our-Di- 


the Pole. ſtances. 


3 


Ho 


© 7 
* 
. 
* * * 8 
% * . 
4 =__y * = 
— — . ny 
2 2 I 
9 = * . * 
— 1 i 
— . _ ow 
— 4 — * 
8 — . 1 
——— 's 
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Set 770 28/, the Diſtance of the Meridian and Ho- 
rizon, f om A to F, {becauſe the Plain declines Eaſt— 
ward) and draw ZF the Hour-Line of 12 then ſect 9e 
oo! from F to G, and draw ZG the Sub- ſtile; and ſet 
13? 34/ from G to 1, and draw ZI the Stile; then ft 


by the Hour Diſtances both ways from the Sub- ſtile. 


If the Plain reclines ſo that the Pole ſhall have but 
ſmall Elevation above the Plain, it will be the beſt way 


do draw it without a Center. 
e uppole a Plain declines 35 deg. Eaſtward, and fe- 
BR c'nes from the Zenith 20? oo!, 


» KK) 
- . 
* 
Py * 
b 1 
4 * 1 


—_ Fir, draw the Requiſites, as in the laſt Example. 


1 1 _ 
1 1 at ͤ — 
eat ˙ —— err — —— —̃'ͤ ͤ 4 — 
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As Rad. to s. ZH zo“ oO, the Reclinat. 9.6989 
So t. of HZO 35* OO, the Declinat. 9.84523 


— 


To t. of HO 19 187 9.54420 


Whoſe Complement 50 42! is the Arch BO, the 
Diſtance of the Meridian from the Horizon. 


Secondly, For the Height of the Stile, PR. 
But firſt find ZO, thus, 


As s. HZO 35? oof, che Declinat. 9.75859 
| To s. HO 19* 18/ 9.51919 
; So 1s Radius 10. 
0 — — 
To s. of OZ 359 11' 9.76060 


Subtract 35® 11/ from 380 28, and there remains ” he 
21': then, 


As s. OZ 35 11! 0.23940 

— = Tos. ZH 30% oof 9.69897 
S0 8. OF 3021 8.76667 

Ho- — — 

-ait- Wb To s. P. R. 20 54/, the Stile's Height 8.70504 

t 90 | 

d 10 Thirdly, For the Deflection OR. 

n ſet | _— 
As cs. PR 2 54! 9.999443 

> but To Radius 10. _— 

way So cs. PO 39 21/ 9.9927 


For the Plain's Difference of Longitude OPR. 


4 —— — — — —— — ea en cn — — -. - — 


To cs. OR 19 41', the Deflection 9.91133 14_ 


— 
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As s. PO 22 21' | 8.76667; 

To Radius 10. 

So s. RO 1? ;1 8.46798; 

To s. OPR 30? 11, the Plain's Diff. of 3 5 
Longitude 9.701310 


Having found the Requiſites, we ſhall proceed to 
draw the Dial. 

And, firſt, draw AB parallel to the Horizon, and 
upon Z deſcribe the Arch AD. Set 70 42/, the Di- 
ſtance of the Meridian from the Horizon, from A to 
D, and draw ZD for the Meridian of the Plain; and 
ſet 10 41', the Diſtance of the Sub- ſtile from the Me- 
ridian, from D to E, and draw ZE the Sub- ſtile; then 
ſet 20 54/, the Stile's Height, from E to F, and draw 
ZF the Stile; finiſh it as is ſhewed in the 5th Section. 
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The third Variety, of Scuth declining reclining 
Plaii's : The Plain paſſing between the Pole and 
the Horizon, 


1. By Projection. 


We will ſuppoſe a South Plain to decline from the 
Scuth Weſtward 35 oof, and reclining from the Ze 
nith "7 by 30ʃ. 


Firſt, Draw a right Line AB for the Baſe of the 
Plain, and croſs it with another Line CD, at right An- 
gles in Z, for the Vertical Line of the Plain. 

Secondly, Upon Z deſcribe a Circle, and upon th: 
Periphery thereof ſet 355 oo', the Declination from C 
to N, and draw the Line NZS for the Meridian of the 
Place, projecting the Sphere within the Circle. 

Thirdly, Take 53® 3o!, the Reclination, from the 
Scale of half Tangcats, and ſet from Z to F, and {ct 
the Complement thereof from Z to Q the Pole of the 
Plain; and the Secant Complement of Reclination ſet 
from F downward, will give the Center of the Circle 
of the Plain, which draw thro? the three Points A, E, 
and B. 

Fourthlv, Thro' P the Pole of the World, and Q the 
Pole of the Plain, draw the Arch of the great Circle 
RPQ, and find the Requiſites, viz. 


1. The Diſt. of the Merid. from] 
the Horizon 
2. The Height of the Pole or 
Stile above the Plain > repreſent- 


from the Meridian 
4. The Plain's Diff, of Longi- 


—_— 


ng 


nd 


the 


All 
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All which may be found by the Projection, by 
Prob. 7, 8. Chep. 10. 


2. By Trigonometrical Calculation, 


The Triangles wherein the Requiſites are to be found, 
are the Triangles OFZ, ROP, and ONB. 


1. For the Diſtance of the Meridian from the Ho- 
rizon BO. In the Triangle OFZ, you have given the 
Side FZ, the Reclination 53® 300, and the Angle FZO, 
the Plain's Declination ; to find FO. 


As Rad. to s. FZ 53? zol, the Reclinat. 9.90518 
So t. of FZ O 35 oO, the Declination 9.84523 
To t. FO 299 22 9.75041 


Whoſe Compl. 60? 38“ is BO, the Diſtance of the 
Meridian from the Horizon. 


2. For the Height of the Pole above the Plain PR. 
This ſhould be found in the Triangle ROP, but 


there is not enough given; wherefore in the Triangle o 
ONB, you muſt ſeek the Side NO, thereby to gain the 1 
Side OP. Thus, | _ 


As Rad. to the Sine of BY 609 38 


r 

r 

3 4 * "I an &, 1 ba 

40 T + +4 Es 

v If * 
9. 9 11 5 * 2 
: 8 » * 
N 
So S. of N BO 36 ( i 
ö . 300 2 " 


the Compl. of Reclin. 9. 774398 


Fe . — * - I 
os. of NO 31 19 9.71408 | 
This NO 319 13/ taken out of NP 512? 32½ 1--veail 


OP 20® 19/. And then becauſe the Hypothenuſes and 
Perpendiculars of the Triangles ONB and RPO i Y [ 
proportional, it will be, = 
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As s. of BO 60? 38“ Hypoth. 2 in Triang. g 0.0597: 
To s. of NB 55 oo Perpend. F NOB. Fi 
So s. of PO 20 19 Hypoth. } in Triang. 5 9.540931 
To s. of RP 19 04 Perpend. ROP. 19.514025 

3. For the Diſtance of the Sub-ſtile from the Me. 


As the cs. of RP 19* 04/ 6 
To Radius , Rds 
So cs. PO 20˙ 19 9.97210; 


To cs. RO 5 og, the Deflection 9.996609 
4. For the Plain's Diff. of Longitude RPO. 
As s. PO 20 19/ 9.54059 


To Radius _ 0 
So s. RO 7 of 9.09506 


To s. RPO 21* oc, the Plain's Diff. of ? 
Longitude | 9.5547 


This 212 oo is but one Hour and 6* oof of the 
_ Equinoctial over, which ſhews that the Sub- ſtile (be- 


SS. cauſe the Plain declines Weſtward) will fall between 
hc Hours of 1 and 2; wherefore in the Table, between 
e Hours of 1 and 2, write Sub-ſtile, and under it, 2 


nd ſubtract 6 deg. from 15 deg. and there remains 9 


8 
198 
# 
4 


eg. ſo write 9 deg. above Sub-ſtile in the ſecond Co- 
umn ; then by a continual Addition of 15 deg. you 
ill have the reſt of the Numbers in the ſecond Column 


As 
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a As Radius to the s. of RP 1929 o4/, the 
a Stile's Height EY ; 9-514028 
1 So is t. 6? oof, the Angle at the Pole 9.021620 
8 


To t. of 1? 58', the Diſt. of the Hour 1, 8.53 5648 


And by repeating the ſame Proportion, you will find 
the reſt of the Hour-Diſtances in the ſecond Column of 
0 | the Table. 


0: Latitude 519 32/ 
Ki Declination 35 OO 
09 Reclination 3 53 30 
Diſt. Mer. and Hor. 60 38 
Stile's Height 19 04 
Deflection 07 
259 Diff. of Longitude 21 OO 
Hours from! Angles at | Hour-Di- 
506 Noon. the Pole. ſtances. 
by ET 84® oo] 729 f 100 
4 7 ? 6 . 69 o A 23 
7 3 00] 24 12 
0 4+ -} 39 00 | 14 49 
9 3 1.24: oof! 8 16 
10 2 3 # 
The Sub- ſtile. 
11 I 6 00] 1 58 
I2 21 001 7 09 
E 1 O0 13 211 
2 10 51 OO | 21 58 
3 5 | 66 00 36 16 
"Re 97 7 00 | 64 o8 


> 
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Set 600 3%, the Diſtance of the Meridian and Hori- 
+ zon, from 5 to E, and there draw the Hour-Line 12; 
Wand ſet 70 9, the Diſtance of the Sub-ſtile from the 
= from E to F, and draw ZF the Sub-ſtile; 
ad ſet 199 04, the Stile's Height, from F to G, and 
draw ZG the Stile: Then ſet the Hour-Diſtances from 


F the Sub- ſtile, and draw the Hour-Lines, and finiſh 
che Dial. 
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E 


Hiw to draw Hour- Lines upon North declining 
rechning Plains. 


As there were three Varieties of South reclining 

Plains which decline, ſo are there as many in North 

Decliners reclining ; for to any Declination a Recli- 

nation may be fitted, that the Plain ſhall paſs by the 

Interſection of the Meridian with the Equincctial 

Circle. Or the Reclination may be ſuch, that the 

Plain ſhall paſs between the Zenith and the Equinoc- 

tial. Or it may recline ſo, that the Plain ſhall paſs 
between the Equinoctial and the Horizon. 


8 
The firſt Variety: Of North declining reclining 
| Plains, the Plain paſſing thro' the Inter ſection 
0 F the Meridian with the Equinoctial. 

1. By the Projektion. | 
tis Our firſt Example ſhall be of a North Plain de- | 
23 clining Eaftward 55 deg. and reclining from the Z 
the 359 500. 54:4 1 
le; _ 
and Firſt, Draw a Line AB, repreſenting the Baſe of 
rom your reclining Plain, and another at Night ung | 
niſn thereto, as CD, the Vertical Line of the Plain, croſ- 1 1 


0 3 


ſing each other in Z. Upon Z deſcribe a Circle, and 
upon the Periphery thereof ſet 552 O0, the Plain's* wy 
Declination from C to N Eaſtward, becauſe the Plain * 
declines Eaſtward; draw the Line NS the Meridian 
of the Place, and finiſh the Projection. 8 4 
G g Secondly, — 
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Secondly, Set the half Tangent of 35* 30/ the Re- 
clination from Z to G, and the half Tangent of its 
Complement from Z to Q the Pole; and {et the 
Secant of the Complement from G upon the Line 
CD, for the Center; and draw the Plain AGB. 

Thirdly, Thro* P the Pole of the World, and G 
the Pole of the Plain, draw the Arch of a great Circle, 
which you will find to be the ſame as the Hour-Circle 
of {ix ; and therefore the Hour Line of ſix will be the 
Subſtilar- Line of the Dial. 


Ihe Requiſites belonging to this Plain are Four, 
VIZ. 


1. Ihe Diſtance of the Sub-ſlile from the Meridian, 
BE. 

2. The height of the Stile ahove the Plain, PR. 

3. The Diſtancc of the Sub- ſtile from the Meridian, 
R. 

4. The Plain's Differtnce of Longitude, QP. 


All theſe may be found by the Projection, or 


2. By the Trigenemetrical Calculation. 


1. For the Diftance of the Meridian from the Ho- 
rizon, AA. 

In the Triangle ZG E, right-angled at G, there is 
given ZG 35? 509, the Reclination, and the Angle 
EZ G 35 50' the Reclination, and the Angle EZ 
55® oo', the Declination ; to find AG, thus. 


Fs 


Lati- 


rr ⅛ •ꝙ?Q—: e eronngs — 


an, 
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Latitude 


Declination N. 


Reclination 
Diſt. Mer. and 
Stile's height 
Deflection 


— 07> "8" © 
a 2 * * = — ty As 
2 / 

— — 


. N ö THY 
Diff. of Longitude VBA 


Hours trom 
Noon. 


Angles at 
the Pole. 


— — ͤ ö·iHſ2W2 — 


WF. 55 00 
C35 50 

50 06 
1 48 23 


90 oo 
90 oo 


 Hour-D 


ur-Diſt.” 
from 6. 
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O0 
20 
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As Rad. to s. of ZG 35 300, the Reclin. 9.767475 
So t. of ZG 559 O0, Declination 10. 184773 


To t. of G 399 54 9.922246 


Whoſe Complement 502 o6/ is the Diſtance of the 
Meridian from the Horizon. 


2. For the height of the Pole above the Plain, PR. 
In the Quadrantal Triangle PER. 


As s. of G 39. 54 | 9.807162 


to Radius {ER | 1 
So t. of £ZG 35 30 | | 9.858602 


To t. of PR 480 23% the Stile's belcht 10.051439 


The other two Requiſites, the Diſtance of the Sub- 
ſtile from the Meridian RE, and the Plain's Diffe- 
rence of Longitude QE, or EPR, they are each 
90 deg. as is evident in the Projection. 

And for the Hour-Diſtances, they are calculated as 
tor an Horizontal Plain, by the general Analogy. 
Tuns, 


As Rad. LO S. Of PR 4.80 2 3 the Stile's 9.873 67 | 


height, 
So t. of the Angle at the Vole 159 0 9.42805 
To t. of the Hour - Diſtance 119 200 9.30172 
Which is the Diſtance of the Hours 5 and 7 from 


I JF the Sub- ſtile 6. 


To draw the Hour-Lines: Firſt, Set 509 o6/, the 


Diſtance of-the Meridian from the Horizon from B 
| 4 to 


—ͤ—ü—EVyv — IE —-—ẽ—æñ ane — wa —— —— — 8 


103 


E 
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to K, and there draw (from Z thro' K) the Hour 
12; then ſet go deg. from K to L, and draw the 
Hour-Line of 6, (which is alſo the Sub- tile.) And 
from L ſet off the Hour-Diſtances, and draw the reſt 
of the Hour-L.ines: Then ſet 489 23, the Stile's 
height, from Leto O, and draw ZO the Stile, and it 
is finiſhed. 


„ 


— * 


The ſecond Variety : Of North declining reclining 
Plains, the Plain paſſing between the Zenith 
and the Equi noctial. 


Let an Example be of a North Plain declinin 
Weltward 55? oo', and reclining from the Zenit 
209 zo”. 


Firſt, Draw a Right-line AB, for the Baſe or Ho- 
rizontal Line of your reclining Plain, and at Right- 
angles thereunto another, CD, for the Vertical Line 
of the Plain, croſſing in Z. Upon Z deſcribe a Circle, 
and upon it from C to N, ſet the Plain's Declina- 
tion 35 deg. oo min. draw the Line NS for. the Me- 
ridian of the Place, and the Complement of Lati- 
tude from Z to P, and the Latitude from Z to E: 
Then ſet the half Tangent of 20 deg. 30 min. the 
Reciination from Z to HN, and the half Tangent of 
the Complement from Z to Q the Pole of the Plain; 
the Sccant Complement fer from H, will find the 


Center to draw the Plain AB. Then thro? P the 


Pole of the World, and Q the Pole of the Plain, 
craw tae Arch of a great Circle; and find the four 
Kcquiſites, vz. 


1. The Diſtance of the Meridian from the Hori- 
Zon, AO. 

2. The hright of the Pole or Stile above the Plain, 
PR. | 

| G g 3 | 3. The 
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3. The Diſtance of the Sub- ſtile from the Meridian, 
RO. 
4. The Plain's Difference of Longitude, OPR. 
All which ale found by the Projection, or 


2. By Trigometrical Calculation, thus. 


1. For the Diſtance of the Meridian and Horizon, 
AO. 


In the right-angled ſpherical Triangle ZH O, right. 
angled at , there is given the Side ZH 20 deg 30 
min. and the Angle HZO 55 deg. oo min. the Decli. 
nation ; to find the Side AO. 


As Rad. to s. ZH 200 30, the Reclinat. 9.54432 
So t. of HZO 552 oo the Declination 10. 13477 


— 


To t. of HO 26 34 9.69909 


Whoſe Complement 63 deg. 26 min. is the Dil 
tance of the Meridian from the Horizon, AO. 


2. For the height of the Pole above the Plain, PR. 


This muſt be found in the Triangle PRO, in whic 
there is not yet enough given ; wheretore you mult 
get the Side PO, thus. : 


As s. of HZO 55 oof the Declination 9.91336 


” R e 
LIT = FT) 3 So ut: * = | 9 
WW Lark 


Tos. of HO 269 24/ 9.65054 
So 1s Radius 10. 
Tos. ZO 330 05/ 


— — 1 23. „% „ͤ%ö 4K — —— — 
— — — — oa LAG i : 


an, 
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To ZO 33 deg. 0; min. add ZP 38 deg. 28 min. 
the Sum will be 71 deg. 33 min. ſo have you the 


E whole Side PO. 


Now the two Triangles HOZ, «dt ROP being 


E proportional, the Side PR may be thus found. 


As s. of OZ 33? 05 Hy poth. q in Triang. ( 0.26282 
To s. of HZ 20 30 Perpend. | HOZ 19.5443 
So s. of OP 71 33 Hypoth. 17 in * 9.97708 
Io s. of PR 37 29 Perpen. 9.78423 


Which 37 deg. 29 min. is the height of the Pole 


above the Plain. 


3. For the Diſtance of the Sub-ſtile from the Me- 
11.1an, RO. 


As t. of ZH 90 30“ Perpen. I in N 0.42726 
Tos. of HO 26 34 Baſe HZO. 1 65054 
So t. of PR 37 29 Perpen. 3 in 18 * 12 88472 
Tos of KO 66 32 Baſe PR 9. 96252 


\Which 66 deg. 32 min. 1s the Deflection, or Sub- 
ſtile's Diſtance from the Meridian. 


4. For the Plain's Difference of Longitude, OPR. 


Ass. PO 1 9.97708 
To Radius IO, 
So s. RO 66? 32/ = 96252 


To s. of OPR 73® 150 the Diff of Long. 9. 98544 


The Plain's Difference of Longitude being? 55 deg. 
15 min. which is 5 Hours, there remains o deg. 


15 min. whercfore the Sub-ſtile falls between the 
G8 4 DD | ſifth 


— ä — — 


— — — — — — — — — 
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fifth and ſixth Hours from the Meridian; and under 
Sub-ſtile in the ſecond Column of the Table write 
o deg. 15 min. and ſubtract o deg. 15 min. from 1; 
deg. and there remains 14 deg. 45 min, which write 
above the Sub-ſtile ; then by a continual Addition of 

15 deg. you will have all the Angles at the Pole, as 
in the ſccond Column of the Table. Then to find the 
true Hour-Diſtances, uſe the general Analogy. 


As Rad. to 8 of 370 29/ the Stile's height 9.78428 
So is t. of 0? 150 the Angle at the Pole 7.63982 


— 


To t. of the Hour- Diſtance 09 O9! 7.42410 
And ſo of all the reſt. 
Latitude 519 321; 
Declination 55 00 
Reclination * 20 30 
Diſt. of the Mer. and Hor. 62 26 | 
Stile's height 37 29 
Deflection 66 32 
Diff. of Long. — 
Hours from | Angles at | Hour-Diftan- | 
Noon. the Pole. Ces. | 
ts ei wil 3 
2 10 74 45 | 65 54 
3 9 59 45 46 13 
4 8 44 4531 06 | 
5 1-09 45 | 19 #T 1 
6 14 45 | 09 06 
bo The Sub- ſtile. 
17 5 O0 15 | 00 09 
| 8 41135 15 | 09 25 
9 3 | 30 15 | 19 32 
110 2 | 45 1531 22: 
II I | 60 3 48 
12 75 15 | 66 36 | 


Set 


— — —— 
— —— — — 
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Set 63 deg. 26 min. (the Diſtance of the Meridian 
and Horizon) from A to F, and ſet 66 deg. 32 min. 
(the Deflection) from F to G, and draw ZG for the 
Sub- ſtile; and ſet 37 deg. 29 min. (the Stile's height) 
from G to H, and draw ZH for the Stile. Set off 
the Hour-Diſtances from G the Sub-ſtile, and lay a 


Ruler from Z to each of thoſe Points, and draw the 
Hour-Lines. 


The 
Set 0 


* 


358 Of Dialling. Part Il. 


The third Variety of North declining reclining 
Plains, where the Plain paſſeth between the 
Equinoctial and the Horizon. 


Suppoſe a North Plain declines 43 deg. 15 min. 
Weftward, and reclines 49 deg. 20 min. from the 
Zenith, in the Latitude 533 deg. oo min. 


Firſt, Draw a Right-Line AB for the Horizontal 
Line, or Baſe of the declining reclining Plain, and 
croſs it at Right-angles in Z with CD, tor the Ver- 
tica} Line of the Plain. Upon Z deſcribe a Circle, 
and fet the Declination from C to N, and draw NS, 


the Meridian of the Place; from Z ſet, 38 deg. 28 


min. to P, and 51 deg. 32 min. to A, and finith the 
Projection. 

Secondly, Set the half Tangent of 49 deg. 20 min. 
the Reclination, from Z to F, and the half Tangent 
of its Complement from Z to Q the Pole of the Plain, 
ſet the Secant Complement of Reclination from F up-, 
wards in the Line CD, which will give the Center 
of the Plain, which draw thro' the Points AFB. 

Thirdly, thro' P the Pole of the World, and Q the 
Pole of the Plain, draw the Arch of a oreat Circle ; 
then find the Requiſites, viz. 


1. The Diſtance of the Meridian from the Horizon, 


AO. 
2. The height of the Pole or Stile above tie 


Plain, PR. | 
3. The Deflection, or Sub ſtile's Diſtance from the 


Meridian, OR. 
4. The Plain's Difference of Longitude, OPR. 


All which may be found from the Projection, or 


2. by 
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2. By Trigonometrical Calculation. 


All the Requiſites will be found in the two ſphe- 
rical Triangles ZFO, and PRX. 


1. For the Diſtance of the Meridian from the Ho- 
rizon, AQ. 


In the Triangle ZFO is given ZF 49 deg. 20 min. 


the Reclination, and the Angle OZF the Declination 


to find OF, thus. 


As Rad. to s. of ZF 490 200 the Reclinat. 9.879963 
So t. of OZF the Declination 43015“ 9.973454 


To t. of OF 3g® gr 9.853417 


Whoſe Complement 34 deg. 29 min. is the Diſtance 
of the Meridian from the Horizon. 


2. For the height of the Pole, or Stile above the 
Plain, PR. | 


In the Triangle XPR there is not yet enough given ; 
therefore, firſt find ZO in the Triangle OZF. 


As s. OZF 439150 the Declination 9.83581 
Je OF 25% 31 9.76413 
So Radius 10. 

To s. ZO 57? 59 9.92832 


To this 57 deg. 59 min. add 25 37 deg. oo min. 


the Complement of the Latitude, the Sum is PO 94. 


deg. 59 min. whoſe Complement to 180 deg. is PX 
85 deg. O1 min. 


Tuen 
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9 in the two proportional Triangles OZ F, and 


As s. OZ 57 59! Hypoth. 3 in Triang. 3007161 
Tos. ZF 49 20 Perpend. OZ F. 9.87996 
So s. PX 85 o1 44 8 Triang. 4 9.99836 
To s. PR 63 o2 Perpend. I PX R. (9.95000 


So the height of the Pole above the Plain is 63 deg, 
O2 min. 


3. Fox the Diſtance of the Sub- ſtile from the Me. 
ridian OR. 


In the two Triangles OZF, and PXR, it will be, 
As t. of ZF 499 20', the Reclination 9.934056 


Tos. of FO 35 31 9.704131 
So t. of PR 63 o2, the Stile's height 10.293439 


Tos. of RX 78 48 the Sub: ſtile's Dift. 676 
from the N. Meridian i 9.99104 


Whoſe Complement to 180 deg. is OR, the De- 
flection ſought. | 


4. For the Plain's Difference of Longitude, OPR. 


As s. PR 632? 02/, the Stile's height ' 9.95000 
To t. RX 789 48/, the Sub-ſtile's Diſt. 5 
from the Meridian F e 


So Radius | 10. 


— 


To t. of RPX 80 00! | 10.75332 


RPX 80 deg. oo min. is the Angle counted from 


the North, therefore the Angle OPR is the Com- 
plement 


Chap. 8. 
plement to 190 deg. and is 100 deg. oo min. the 
plain's Difference of Longitude reckoned from the 
South. | | 

| The next thing to be done is to find the Hour- 
| Diſtances ; the Difference of Longitude 80 deg. o6 
min. is 5 Hours and 5 deg, over, reckoned from the 
| North Meridian; ſo the Sub-ſtile muſt ſtand between 
the Hours of 6 and 7 in the Evening, and the Angles 
| at the Pole and Hour-Diſtances will be as in the Ta- 
| ble below. 3 


Of Dialling. 


Latitude ; 53% 0 11 
Declination 5 RW 
Reclination 0 20 
Diſt. Mer. and Hor. 1 2 
Stile's height | „ OF "ON | 
Deflection 78 48 
Diff. of Longitude | 80 oo 
Hours from Angles at j Hour-Dil- 

Noon. the Pole. | tances. | 
I2 809 oo | 
II 1 | 65 | 
10 2 | 50 
9 34 45 
8 4 | 20 
/ 1 
„ 
6 1410 
5 214 
4 8 40 
| 8 9 | 55 
2 Io | 70 
1 11 83 


10 
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Set 54? 29! from B to G, fo is G the North part 
of the Meridian; and from G to I ſet 78 dep. 48 
min. the Diſtance of the Sub- ſtile from the Meridian, 
and draw Zl the Sub-ſtile; and ſet 63 deg. 02 min. 
the Stile's height, from I to K, and draw ZK the 
Stile. 

Then ſet off the Hour Diſtances from the Sub- ſtile; 
all that are above Sub- ſtile in the Table, ſet upwards 
towards the North part of the Meridian. 
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Of Dial Plains, nnd hew one Dial may be dedu- 
ced from another a North frem a Scuth an 
Kaſjt from a Weſt, a North Decliner from a- 
South Decliner ; and all inclining Dials from 
Recliners 6ppoſite to them. 


As there were fix Varieties of direct reclining Plains, 
and as many Recliners which do alſo decline; ſo 
there are as many of both ſorts whick do incline, ' 
and incline and decline allo. To give particular 
Fxamples of all thoſe will be needleſs, if we confi- 
der, that when we have drawn a Dial for any Plain, 
we have alſo drawn one for the oppoſite Plain; if 
the Hour-Lines, Stile, and Sub-flile, be drawn thro? 
the Center. As for Example, having drawn a North 
declining reclining Dial, if we draw the Hour-Lines, 
Stile, and Sub-ſtile, thro? the Center, we have a South 
declining inclining Dial, whoſe Declination is the 
ſame but towards the contrary Coaſt ; that is, if 
one decline from the North Weſtward, then the 
other ſhall decline from the South Eaſtward, and 
the Inclination of this be equal to the Reclination of 
that, But the contrary Pole will be elevated; fo 
that if the Stile of the North Recliner point up- 
wards to the North Pole, the oppoſite South Incliner 


| will point downwards towards the South Pole. And 


it any declining Dial be drawn upon Paper, and 
prick'd thro', and the Hour-Lines, Stile, and Sub- 
[tile drawn upon the back-ſide of ot the Paper, it will 
then be made for the ſame Declination, but for the 
contrary Coaſt; that is, if it declin'd from the 
South Weſtward, it will now decline from the 
South ſo much Eaſtward ; and the ſame of declining 
reclining Dials : ſo that m making of one Dial, we 
have made four. 


CHAP. 
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GH AF; 1x; 
Of Inſtrumental Dialling. 


H O* this Chapter may ſeem foreign to my 

Deſign, yet foraſmuch as inſtrumental Dialling 
is not very well explain'd in our Engliſh Authors, (as 
far as J have ſeen} cſpecially the referring of reclining 
Plains that decline to a new Latitude, and new De- 
clination ; Mr. Leybourn in his Folio of Dialling, in 
the 4th and 6th Chapters of the third Tractate, has 
given us Rules, but falle printed, to find the new 
Latitude and new Declination of ſuch Plains, thereby 
to find where they will be upright Plains; but men- 
tions nothing of the Demonſtration, ſo that he leaves 
us wholly in the dark for finding the Reaſon of thoſe 
Rules, neither have I ſcen it in any other Author: I 
therefore perſuade my felt ſuch a Demonſtration will 
be acceptable to an Exgiiſß Reader, which is what 
induced me to write this Chapter. 

There are leveral Inſtruments contrived by ſeve— 
ral Authors for this purpoſe ; but the Inſtrument I 
ſhall make uſe of ſhall be the Scale of ſix Hours, and 
a Scale of Latitudes agreeable thereunto, ſuch as are 
placed upon Cellins's Quadrants. | 

The Line of Hours is no other but a double Tan- 
gent of 45 deg. that is, 4.5 deg. ſet both ways from 
the middle of the Line. The Line of Latitudes be- 
ing made equal to Radius, or 60 dcg. the whole Line 
of Hours will be go deg. | | 

The Line of Latitude js graduated thus. 

As Radius to the Chord of go deg. ſo are the 
Tangents of the reſpective Degrees to the 'Tangents 
of other Arches. hd 

Then the natural Sines of thoſe Arches are the 
Numbers, which taken from a Diagonal Scale of 
equal Parts, ſhall graduate the Diviſions of the Line 
of Latitudes, E xait- 


Chap. 9. 


Example. 
Degrees. 


/ Dialling. 


Let us calculate for the Diviſion of 10 


To the Sine of 45 deg. 
Add the Log. of 2 


The Sum is the Chord of 900 


As Rad, to the Chord of 900 
So is the t. of 10 deg. 


To t. of 130 63 


4 


9.84948 
0.30103 


EFF 


10. 13081 


The natural Sine againſt it is 2419. 


By the ſame Method is the following Table calcu- 


10.15051 
9.24032 


9.39083 


lated, 

A TABLE for Goiding the Scale of 
' Latitude. 

1 247] 11;[3959] 13316764] [49Þ8519] [65] 9496 

2] 493] [18 4176 34/6900] [5018600] J66 9539 
( 3] 739] [1914378 [3517036] [5198678] [67] 9578 
| 4] 984| [244577]; [3917166] 52487530 68 9515 
| 511228] [2114772] [37]7292]. [5218825] [69] 9651 
| 611470 224961 3817417 154 8895 70 9685 

710711} 12315146] 13917532) [55]8962] 172] 9745 
| 811949] 2453280 [4917047] [$9]9026| [74] 9501; 
BY drank BY 2 | H=—| ||—| E 
| gjz186} [2515505] [41ſ7758] [5719088] [75] 9825 
110{2419] [20,078] [42j7865] [58[9147] [76] 9848 
11,2650) [2715846] [4317968] [59Þ9203] 175] 888 
{12;2879] [280010] 144;8068| [6019258] 180 9924 
1303104 2906169 45(8 165 [0119311] [85] 9982 
143325 3c 6325] 14918259] 62}9360] {qc]10009 
1563543] [3112475] 1471834%] [0339405 
[1613758] 13215622] [4818436] 164 9454 et 

Hh 


_ 
* 
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1 
How to draw Hour-Lines upon an Horizontal 
Plain. 


Firſt, Draw the Line CD, for the Hour-Line of 
6, then from your Scale of Latitudes take 51 deg, 
32 min. (the Latitude of the Place) and ſet that Di- 
ſtance from the Center A, both ways, to C and D; 
then take in your Compaſſes the whole length of the 
Line of Hours, and ſet one foot in C, ſtrike the Arch 
aa, then remove the Compaſs Point to D, and with 
the other ſtrike the Arch 33, and draw the Line AB 
for the Meridian, or Hour-Line of 12, and draw the 
Lines CB, and DB. Then from the Hour-Scale take 
the firſt Hour-Diſtance in your Compaſſes, and ſet one 
foot in B, and with the other make Marks at 1 and 11, 
and the ſame will reach from D to 7, and from C to 53 
then take two Hours in your Compaſſes, and ſet from 
B to 2 and 10; and from C to 4, and from D to 8 
then take three Hours from your Hour-Scale, and fer 
from ; to g and 3: Lay a Ruler to the Center A, and 
to each of the Points in the Lines CB and DB, and 
draw the Hour-Lines. 


Note, That the Hour-Lines 4 and 5, and 7 and 8, 


muſt be drawn thro? the Center. 


With 60 deg, of Chords deſcribe the Arch EF, and 
upon that, from E to FE, ſet the Stile's Height ;1 deg. 
32 min. and draw the Stile AF. 

The erect dire& South Dial is drawn after the ſame 
manner, only you muſt ſet the Complement of Lati- 
tude from A to C and D; and the Stile's Height mult 
be equal to the Complement of the Latitude allo. 


by 


——— —ͤ— 
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By this one general way of working, you may make 
any direct North or South reclining, or inclining Dial; 
for if you find the Height of the Stile by Sect. 7 and 8, 
and take that from the Line of Latitudes, and ſet from 
the Center both ways to C and D, the reſt of the Work 
will be the ſame. But if a South Plain reclines equal 
to the Complement of the Latitude, or if a North 
Plain reclines equal to the Latitude, then is the one 
an Equinoctial Plain, and the other a Polar, and muſt 


be drawn by the Direction given in the aforeſaid 
Sections, 


S. 


How to make an upright South or Nerth Dial, 
declining Eaſt or Weſt. 


We will take the ſame Example as in Sect. 4. of the 
laſt Chap. of a South Plain declining Weſtward 30 deg, 
in the Latitude 31 deg. 32 min. 


Firſt, You muſt find the Requiſites, as is taught 
in the 4th Section of the laſt Chapter; but more readi- 
ly by Scales for that Purpoſe, thus. Take the Decli- 
nation with your Compaſſes from the Line of Chords, 
and apply that Extent firft to the Line of the Stile's 
Height, and you will find it to fall upon 32 deg. 36 
min. and ſo much is the Stile's Height; and apply the 
fame Extent to the Line of the Diſtance of the Sub-ſlile 
from the Meridian, and you will find that to fall upon 
21 deg. 40 min. Again, apply the ſame Extent to the 
Line of the Plain's Difference of Longitude, and you 
will find it to fall upon 36 deg. 25 min, 


Having, 


2 
3 
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Having found the Requiſites,. the Difference of Lon- 
gitude being reduced into Time, makes 2 hours 25 
min. 5, which is 34 + min. ſhort of 3 hours; which 
ſhews that the Sub-ſtile falls between the hours of 2 
and 2. 3 
Being thus far prepared, draw an Horizontal Line 
CD, and from the Center A draw AB at Right- Angles, 
tor the Meridian or Hour-Line of 12. Then with 60 
deg. of Chords, upon A deſcribe the Arch EG, and 
upon it ſet 21 deg. 40 min. the Diſtance of the Sub- 
ſtile from the Meridian, from E to F, always to the 
Side that is contrary to the Plain's Declination ; that 1s, 
if the Plain declines Weſtward (as in this Example) ſet 
off the Sub-ſtile on the Eaſt- ſide of the Meridian, and 
if the Declination be Eaſtward, ſet it upon the Weſt- 
fide ; then from F ſet the Stile's Height 32 deg. 36 
min. to G, and draw AF the Sub-ſtile ; and AG the 


Stile. | 


Then through the Center A, draw the Line HI, at 
Right-Angles to the Sub- ſtile; and take 32 deg. 36 
min. the Stile's Height, out of the Line of Latitudes, 
and ſet it from A both ways to H and I; then take in 
your Compaſſes the whole Line of Hours, and ſet one 
foot in H, with the other ſtrike the Arch cc, and re- 
move it to I, and ſtrike the Arch dd; and draw the 
Lines HB and IB; then from the Hour-Scale take 
255 min. and ſet from B to 2; (upon the Line HB) 
again, take 1 hour 25 + min. and ſet from B to 1, and 
take 2 hours 25 + min. and let from B to 12, and ſo 
ſet 3 h. 25 2, 4 h. 25 min. 3, 5 h. 25 min. 5, and 6 h. 
25 min. LA from B to 11, 10, 9, and 8; then take 34 
min. from the Scale of Hours, and ſet on the other 
Side of the Sub-ftile from B to 3, and take 1 h. 34 
min. 2, and ſet from B to 4, and take 2 h. 34 min. , 
3 h. 24 Min. +, and 4 h. 34 min. 4, and ſet from B to 
5, 6, and 7; and lay a Ruler to the Center A, and to 
cach of thoſe Points, and draw the Hour-Lincs. 


H h 3 Nole, 


The Hour-Line of 8 in the Morning is drawn 


Note, 


from the oppoſite 


— 


8 chro' the Center. 


1 — 


> 
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SECT. HE 


How to draw Hour-Lines upon Eafft and Weſt | 
Recliners. 


II. 


awn 


The beſt Way is to reduce theſe Plains to a new La- 
titude, and new Declination, where they may be up- 
right Plains. 

The new Latitude of all reclining Plains, is an Arch 
of the Meridian of the Place contained between the E- 

1 quinoctial and the reclining Plain. Now theſe Eaſt and 
Weſt Recliners cut the Meridian juſt in the Horizon, 

ſo the Diſtance of the Horizon and Equinoctial (S 

in the Figure of the Eaſt Recliner, Sect. 6. of the laſt 


— . a : : 
s 


6 Chap.) is the new Latitude, which is equal to the Com- 
plement of the old Latitude, or Latitude of the Place 

given. 
0 ” The new Declination of all reclining Plains, 15 an 
a Arch of a Circle contained between the Pole of the re- 


clining Plain, and the Meridian of the Place, and cut- 
teth the Meridian at Right-Angles; which in the Eaſt 
Recliner, Sect. 6. is repreſented by ZQ, which 1s equal 
* to the Complement of ZO the Reclination. 

So if you make a declining Dial by the Directions of 


the laſt Section, for the new Latitude, and to the new 
Declination; ſuch a Dial will fit the Eaſt or Weſt re- 


clining Plain, only you muſt always remember to place 
the Hour-Line of 12 parallel to the Horizon in all 


thoſe Plains. 


Example. Let it be required to draw Hour-Lines 
upon a Weſt Plain reclining 35 deg. in the Latitude 
51 deg. 32 min. 

The new Latitude will be 38 deg. 28 min. 5 the 
new Declination v a be 55 deg. for which make a de- 
clining Dial, as is directed in the laſt Section. 
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The Height of the Stile is found to be 260 417 
The Deflection 45 53 


Difference of Longitude 66 29 


9 £ C: 1; I. 


How to draw Hour-Lines upon declining reclining 
Plains; and firſt of South Recliners. 


The beſt Way is to refer theſe Plains to a new La- 


titude, and new Declination, where they may be up- 
right Plains, 


Suppoſe 


Chap. 9. Of Dialling. 473 


Suppoſe a Plain in the Latitude 51 deg. 32 min. 
ſhould decline from the South Eaſt-ward 35 deg. and 
recline from the Zenith 18 deg. 30 min. It is re- 
quired to find in what Latitude it ſhall be an upright 
Plain, and what Declination it ſhall have in that new 
Latitude, 


As Rad. to cs. of Declinat. BS 552 od 9.91336 
So ct. of Reclination SBO 719 300 10. 47348 


To t. of OS 670 47 10. 38884 


Becauſe OS 67 deg. 47 min. is greater than the Lati- 
tude, you mult ſubtract PS z1 deg. 32 min. the Lati- 
tude from it, and there will remain OP 16 deg. 15 min. 
whoſe Complement OZ 73 deg. 45 min. is the new 
Latitude required: for the new Latitude (as was fhew- 
ed in the laſt Section) is an Arch of the Meridian, con- 
tained between the reclining Plain AHB, and the Equi- 
noctial, and ſuch is OZ. 


— __ 
— 


474 Of Dialling. Part II. 
To find the new Declination. 

In the Triangle QZ, there are given, ZQ 71 deg, 

30 min. the Complement of Reclination, — the * 


gle QZF 35 deg. the Declination, to find QF the new 
Latitude. 


As Rad. to s. ZQ 71 300 9.97696 
So s. QZF 35? oof | 9.75859 
Tos. QF 320 57! 9-73555 


The new Declination is an Arch of a Circle compre- 
hended between the Pole of the reclining Plain, and the 
Meridian; therefore QF 32 deg. 57 min. is the new 
Laticude required. 

Again, Suppoſe a South Plain declines 35 deg. Eaft- 
ward, and reclines from the Zenith 53 deg. 30 min. 
It 1s required to find the new Latitude, and new De- 
clination. 


Firſt, To find the new Latitude. 


In the Triangle RSB, there are given SB 55 deg. oo 
min. the Complement of Declination, and the Angle 
RBS 36 deg. 3o min. to find RS. 


As Rad. to s. of BS 552 oO, the Comple- 


ment of Declinatica c 9.91330 


So t. of RBS 36 30ʃ/, the Complement 
of Reclintion ; 9.86921 
To t. of RS 31? 130 9.78257 


Becauſe 31 deg. 13 min. is leſs than the Latitude 
SP 51 deg. 32 min. ſubtract it from the Latitude, 
and there remains 20 deg. 19 min. RP, whoſe Com- 
plement 69 deg. 41 min. is the Diſtance of R (the 


Intersection of the Plain and Meridian) 3 
| Nor- 


* 
Northern Interſection of the Equinoctial with the Me- | 
ridian, which is the new Latitude required. 


Fo find the new Declination. 


In the Triangle LZN, there are given LZ 40 deg. 
o min. the Complement of Reclination, and the An- 


gle LZN 35 deg. oo min. the Declination; to find | 
LN. | 


As Rad. to s. of ZL 36 3o', the Com- 
plement of Reclination c 9.77439 
So s. of LZN 35 oo, the Declination 9. 75859 | 


To s. of LN 19% 57%, the new Declina- | 
tion required 9.53298 


— — 3 » 
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Of North Recliners declining. 


1. If a North Plain decline Weſtward 55 deg. and 
recline from the Zenith 20 deg. 30 min. it is re- 
quired to find in what Latitude it will be an upright 
Plain, and what Declination it ſhall have in that new 
Latitude. 

In the Triangle AOS, there are given AS the Com- 
plement of Declination, and the Angle Sa O the Com- 
Piewent of Reclination; to find SO, "thus. 


As Rad. to s. of AS 352 oo, the Com- © 
plernent of Declination F EE 259 

So. t. of SAO 699 3o', the e 10.4478 
of Reclination 1 


To t. 80 56 547 - i: 10.18585 
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From which ſubtract SZ 38 deg. 28 min. the Com- 


plement of the Latitude, and there remains EO 18 deg, 
26 min. the new Latitude required, 


ni 
Ts find the new Declination. 


In the Triangle ZQF, are given ZQ the Comple- 
ment of Reclination, and the Angle QF the old De- 
clination, to find QF the new Declination. 


pry yy. 


2 

\ 

ART ; 

| ( 

9 
As Radius 10.00000 
Tos. 20 699 300 9.97159 
So s. QZ F 559 oO 9.97336 
To s. QF 500 060 . 9.88495 


Which 50 deg. 06 min. is the new Declination re- 
Gutred. 


2 It 
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2. If a Plain declines from the North Weſtward 
55 deg. and reclines from the Zenith 50 deg, it is 
required to find the new Latitude, and new Decli- 
nation. 

To find the new Latitude. 

In the Triangle ARS, there are given AS, the Com- 
plement of Declination, and the Angle SAR, the Com- 
plement of Reclination, to find the Side SR. 


As Rad. to s. of AS 352 oO, the Com- 
plement of Declination | | $ 9.75859 
So t. of ZAR 40 oo', the Complement 
of Reclination F 9 


— — 


— 


To t. of SR 25 42! 9.68240 


Subtract SR 25 deg. 42 min. from SE 38 deg. 
28 min. the Complement of the Latitude, and there 
will remain RAS 12 deg. 46 min. the new Latitude 


required. T 


To find the new Declination. 

In the Triangle LVZ, there are given ZL 40 deg. 
oo min. the Complement of Reclination, and the An- 
gle LZ V 55 deg. oo min, the Declination, to find LV 
the new Declination. 


| As Rad. to s. ZL 400 00', the Comple- 2 *, . 
nient of Reclination : 9.80807 


So s. of LZV 559 oo, the old Declinat. 9.91336 


To s. of LV 319 47', the new Declinat. 9.72143 


Thus have I ſhewed you the Rules to find the new 
Latitude, and new Declination, and demonſtrated 
them by Examples in all the Caſes that can happen ; 
only when the Reclination and Declination is ſuch 
that the Plain paſſes thro? the Pole, and ſo has 90 deg. 

new 
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new Latitude; or when it ſo reclines and declines from 
the North, as to fall in the Interſection of the Meri. 
dian and Equinoctial, and then the new. Latitude is 
oo deg. ef | ; 

I ſhall now proceed to ſhew how to find the Requi- 
ſites, and to draw the Dial. 


- 1. For the Diſtance of the Meridian from the Horri- 
zon. 


As Rad. to s. of ZK 502 oo, the Recli- 1 99 
nation „„ 
So t. of RZK 33 oof, the old Declinat. 10. 18477 


To t. of RK 47 34 10. 03902 


Whoſe Complement 42 deg. 26 min. is the Angle 
the Meridian makes with the Horizon. . 

The other Requiſites are found by the Proportions in 
Sect. the 4th, working with the new Latitude and new 
Declination. 


2. For the Height of the Pole or Stile above the 
Plain, 


As Rad. to cs. of the new Lat. 129 46/ 9.98913 
So cs, of new Peclination 319 47 9.92944 


„„ 


To s. of the Stile's Height 360 00 9.91857 
3. For the Diſtance of the Sub- ſtile from the Meri- 
dian. | 


As Rad. to s. of new Declination 219 47 9.72157 
So ct. of the new Latitude 129 46/ 10.64477 


„— 


To t. of the Deflection 669 4.4/ 10.3663 
4. For 


Chap. 9. / Dialling. 


4. For the Plain's Difference of Longitude. 
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As cs. of the new Latitude 129 46 9.98913 
To Radius | 10. 
So s. of the Deflection 662 440 9.96316 


T o s. of the Plain's Diff. of Long. 70® 23! 9. 97403 


Which makes 4 hours 41 min. +, 
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